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Abstract 

This  thesis  project  assesses  phylogenetic  relationships  within  the  phylum  Cnidaria 
at  the  subclass  level  within  the  Class  ^thozoa,  and  at  the  ordinal  level  within  the  Subclass 
Octocorallia.  Traditional  cladistics  using  morphological  data  have  resulted  in  disagreements 
relationships,  primarily  due  to  a  paucity  of  morphological  characters  within 
the  Anthozoa  and  ambiguity  about  the  significance  of  any  given  character.  I  have  used 
DNA  sequence  information  to  help  resolve  some  of  these  issues.  These  phylogenetic 
studies  contribute  to  the  understanding  of  divergence  within  the  class  Anthozoa. 

Museum  collections  of  preserved  flora  and  fauna  historically  used  for 
morphological  studies  are  now  increasingly  being  utilized  for  addressing  genetic  questions. 
The  extraction  of  DNA  from  ethanol-preserved  specimens  of  recent  origin  is  practiced 
routinely,  but  genetic  analyses  of  long-preserved  specimens  have  inherent  difficulties  due 
to  the  slow  degradation  of  DNA.  The  goal  of  this  study  was  to  demonstrate  the  feasibility 
of  isolating  genomic  DNA  from  museum  specimens  of  octocorals  and  amplifying  the 
nuclear  18S  ribosomal  RNA  gene.  The  DNA  sequence  for  the  complete  18S  rRNA  gene 
can  then  be  determined.  Techniques  were  designed  to  solve  several  problems  for  obtaining 
genetic  sequences  from  museum  specimens.  The  DNA  extractions  of  museum  specimens 
yielded  only  sn^l  amounts  of  DNA  of  very  low  molecular  weight,  which  limits  the  length 
of  Polymerase  Chain  Reaction  (PCR)  products  that  can  be  generated  with  standard 
pr^ocols.  I  was  successful  in  producing  PCR  fragments  from  museum  specimens  by 
pertorming  an  extended  tissue  digestion  on  the  archival  specimens,  running  an  initial  PCR 
reaction,  and  then  following  with  a  reamplification  of  the  original  PCR  product.  The  use  of 
toon-speafic  PCR  primers  decreased  the  risk  of  amplifying  contaminant  DNA  rather  than 
m  archival  specimens.  The  combination  of  our  modified  extraction  protocol 
^  reamplifications  with  taxon-specific  PCR  primers  allowed  me  to  generate  700-  to 
18TO-basepair  sequences  from  16  specimens  from  three  different  museum  collections  that 
had  been  preserved  for  up  to  fifty  years. 


A  u  relationships  within  the  corals  and  anemones  (Phylum  Cnidaria:  Class 

Anthozoa)  are  based  upon  few  morphological  characters:  colony  morphology  and  the 
strucmre  of  the  tentacles,  gastric  mesenteries,  nematocysts,  and  skeletal  axis.  The 
significance  of  ^y  given  character  is  debatable,  and  there  is  little  fossil  record  available  for 
denving  evolutionary  relationships.  In  this  study  I  use  complete  sequences  of  18S 
ribosomal  DNA  to  examine  subclass-level  and  ordinal-level  organization  within  the 
^thozoa.  I  investigate  whether  the  traditional  two-subclass  system  (Octocorallia 
Hexacoralha)  or  the  current  three-subclass  system  (Octocorallia,  Hexacorallia,  ’ 
Ceriantipatharia)  is  better  supported  by  sequence  information.  I  also  examine  the 
phylogenetic  affinities  of  the  anemone-like  species  Dactylanthus  antarcticus  and  the 
putative  antipatharian  Dendrobrachia  paucispina.  Thirty-eight  species  were  chosen  to 
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maximize  the  representation  of  morphological  diversity  within  the  Anthozoa.  Maximuni 
likelihood  techniques  were  employed  in  the  analyses  of  these  data,  using  relevant  models  of 
evolution  for  the  1 8S  rRNA  gene.  I  conclude  that  placing  the  orders  Antipatharia  and 
Ceriantharia  into  the  Subclass  Ceriantipatharia  does  not  reflect  the  evolutionary  history  ot 
these  orders.  The  Order  Antipatharia  is  closely  related  to  the  Order  l^anthidea  within  the 
Hexacorallia  and  the  Order  Ceriantharia  appears  to  branch  early  within  the  Anthozo^  but 
the  affinities  of  the  Ceriantharia  cannot  be  reliably  established  from  these  data.  My  data 
generally  support  the  two-subclass  system,  although  the  Ceriantharia  may  constitute  a  third 
fubclass  on  their  own.  The  Order  Corallimorpharia  is  likely  polyphyletic,  and  its  sp^ies 
are  closely  related  to  the  Order  Scleractinia.  Dactylanthus,  also  within  the  Hexacorallia,  is 
allied  with  the  anemones  in  the  Order  Actiniaria,  and  their  current  ordinal-level  desi^ation 
does  not  appear  to  be  justified.  The  genus  Dendrobrachia,  originally  cl^sifi^  wiAin  *e 
Order  Antipatharia,  is  closer  phylogenetically  to  the  Subclass  Octocoralha.  The  18S 
gene  may  be  insufficient  for  establishing  concrete  phylogenetic  hypotheses  concerning  the 
specific  relationships  of  the  Corallimorpharia  and  the  Ceriantharia,  and  the  branching 
sequence  for  the  orders  within  the  Hexacorallia.  The  18S  r^A  gene  has  sufficient 
phylogenetic  signal,  however,  to  distinguish  among  the  major  groupings  within  the  Class 
Mthozoa,  and  I  can  use  this  information  to  suggest  relationships  for  several  enigmatic 
taxa. 


The  Subclass  Octocoralha  (Phylum  Cnidaria:  Class  Anthozoa)  is  comprised  of  the 
soft  corals,  gorgonian  corals,  and  sea  pens.  The  octocorals  have  relatively  simple 
morphologies,  and  therefore  few  characters  upon  which  to  base  taxonomic  systems. 
Historically,  the  Subclass  Octocoralha  was  divided  into  seven  orders;  Helioporacea 
(Coenothecalia),  Protoalcyonaria,  Stolonifera,  Telestacea,  Alcyonacea,  Gorgonacea,  and 
Pennatulacea.  It  has  been  argued  that  this  arrangement  exaggerates  the  amount  of 
variability  present  among  the  species  of  the  Octocoralha.  The  current  taxonomy  recognizes 
the  two  orders  of  Helioporacea  (blue  corals)  and  Pennatulacea  (sea  pens),  and  assembles 
the  remaining  species  into  a  third  order,  Alcyonacea.  The  species  within  the  Alcyonacea 
exhibit  a  gradual  continuum  of  morphological  forms,  making  it  difficult  to  establish 
concrete  divisions  among  them.  The  subordinal  divisions  within  the  Alcyonacea 
correspond  loosely  to  the  traditional  ordinal  divisions.  In  this  smdy  I  address  the  validity 
of  the  historical  ordinal  divisions  and  the  current  subordinal  divisions  within  the  Subclass 
Octocoralha.  I  also  explore  the  phylogenetic  affinities  of  the  species  Dendrobrachia 
paucispina,  which  was  originally  classified  in  the  Order  Antipatharia  (Subcl^s 
Ceriantipatharia).  Polyp  structure  indicates  a  closer  affinity  between  Dendrobrachia  and  the 
Subclass  Octocoralha.  I  have  determined  the  nuclear  18S  rRNA  sequences  for  41  species 
of  octocorals,  and  use  these  to  construct  a  molecular  phylogeny  of  the  subcl^s.  I  utilize 
Maximum  Likelihood  techniques,  employing  a  realistic  model  of  evolution  given  these 
species  and  this  data  set.  The  most  likely  trees  from  these  sequence  data  do  not  support  the 
tnorphological  taxonomy  of  the  Octocoralha.  The  Order  Pennatulacea  is  the  most  cohesive 
group  within  the  subclass,  but  is  not  monophyletic.  The  most  likely  trees  indicate  three 
primary  clades,  one  of  which  is  undifferentiated  and  contains  half  of  the  species  in  this 
analysis.  These  data  cannot  distinguish  among  the  branching  order  of  these  three  clades. 
The  morphological  character  of  dimorphism  (the  presence  of  both  autozooids  and 
siphonozooids  within  a  single  colony)  corresponds  loosely  with  the  topology  of  the  most 
likely  trees,  and  the  monophyly  of  dimorphism  cannot  be  rejected  from  these  data.  The 
species  Dendrobrachia  paucispina  has  a  close  affinity  with  the  genera  Coralliwn  and 
Paragorgia  (Alcyonacea:  Scleraxonia),  although  its  morphology  suggests  it  is  more  sirmlar 
to  the  genus  Chrysogorgia.  The  genetic  divergence  found  within  genera  is  approximately 
equivalent  to  that  found  in  other  invertebrates,  but  the  divergence  found  within  families  is 
greater  in  the  octocorals  than  in  other  invertebrates.  This  difference  may  reflect  the 
inappropriate  inclusion  of  evolutionanly  divergent  genera  within  octocorallian  families. 

This  study  is  more  thorough  than  other  anthozoan  molecular  phylogenetic  studies  to  date.  I 
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have  employed  appropriate  evolutionary  models  for  maximum  likelihood  analyses,  utilizing 
complete  18S  rDNA  sequences  from  the  majority  of  families  within  the  Octocorallia.  Many 
of  the  relationships  within  the  Octocorallia,  however,  remain  ambiguous. 


Thesis  Supervisor:  Dr.  Lauren  Mullineaux 

Title:  Associate  Scientist,  Woods  Hole  Oceanographic  Institution 
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Knowledge  of  evolutionary  systematics  is  fundamental  to  our  understanding  of  the 
processes  that  influence  the  biological  world.  Life  on  this  planet  survives  thanks  to  a 
complicated  web  of  interactions  involving  species  from  microbes  to  mammals.  The  faunal 
diversity  that  exists  today  is  the  result  of  evolutionary  processes  acting  over  millions  of 
years.  The  forces  behind  evolution,  and  the  details  of  how  species  change,  are  not  well- 
understood.  Evolutionary  changes  cannot  be  observed  directly  on  the  time-scale  of  a 
human  lifetime,  so  insight  into  these  processes  must  be  gained  from  other  lines  of 
evidence.  The  fossil  record  is  invaluable  for  reconstmcting  morphological  change.  Not  all 
species  are  readily  fossilized,  however,  and  often  one  must  rely  upon  comparisons  of 
existing  morphological  forms  to  hypothesize  evolutionary  relationships. 

Evolutionary  relationships  among  species  can  be  reconstructed  by  comparing 
character  traits,  assuming  that  species  sharing  the  greatest  number  of  common  traits  are  the 
closest  relatives  of  one  another.  Traditionally,  morphological  characteristics  were  used  to 
determine  phytogenies  because  the  genetic  changes  behind  those  morphological  traits  were 
inaccessible  or  unknown.  With  the  advent  of  molecular  techniques,  we  can  use  protein  and 
DNA  sequence  information  as  additional  characters  to  reconstmct  phylogenetic 
relationships.  DNA  sequence  information  can  be  useful  in  determining  relationships  where 
morphological  associations  are  ambiguous  or  contradictory  and  a  fossil  record  is  lacking. 

A  combination  of  morphological  and  molecular  information  will  provide  the  maximum 
number  of  characters  upon  which  to  base  a  taxonomic  system. 

This  thesis  examines  phylogenetic  relationships  within  the  Class  Anthozoa 
(Phylum  Cnidaria).  Cnidarians  are  some  of  the  simplest  of  the  invertebrates 
morphologically.  They  are  diploblastic,  possess  a  single  body  opening  into  a 
gastrovascular  cavity,  and  have  no  specialized  system  for  gas  exchange,  excretion,  or 
circulation.  The  phylum  is  characterized  by  the  presence  of  tentacles  armed  with  stinging 
nematocysts.  Many  species  exhibit  an  alternation  of  generations  between  a  medusa  stage 
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and  a  polyp  stage.  The  species  of  the  Class  Anthozoa  (anemones,  corals,  and  sea  pens) 
lack  the  medusa  stage,  and  are  exclusively  polypoid. 

An  early  taxonomic  classification  of  the  Anthozoa  recognized  two  subclasses  (e.g. 
Minchin  et  al.  1900,  Deichmann  1936,  Hyman  1940)  (Fig.  lA).  The  Subclass 
Hexacorallia  contained  the  stony  corals  (Scleractinia),  anemones  (Actiniaria),  the  black 
corals  (Antipatharia),  tube-anemones  (Ceriantharia),  and  other  anemone-like  species 
(Zoanthidea  and  Corallimorpharia).  The  Subclass  Octocorallia  contained  the  blue  corals 
(Helioporacea),  soft  corals  (Alcyonacea),  gorgonian  corals  (Gorgonacea),  and  sea  pens 
(Pennatulacea).  The  subclass-level  divisions  were  based  primarily  on  the  numbers  of 
tentacles  (eight  in  the  Octocorallia  vs.  multiples  of  six  in  the  Hexacorallia)  and  the  number 
of  divisions  within  the  gastrovascular  cavity,  termed  septa  or  mesenteries  (eight  unpaired  in 
the  Octocorallia  vs.  multiples  of  six  paired  in  the  Hexacorallia).  The  ordinal-level  divisions 
within  the  Hexacorallia  were  based  on  the  type  of  skeleton  present,  if  any,  and  finer 
distinctions  in  the  mesenteries  and  tentacles.  The  ordinal-level  divisions  within  the 
Octocorallia  were  based  on  attributes  such  as  colony  structure,  skeletal  composition  and 
arrangement,  and  the  structure  and  location  of  extraskeletal  calcium  spicules  (Wells  &  Hill 
1956a). 

The  current  taxonomic  system,  proposed  as  early  as  the  1890's  (van  Beneden 
1897)  but  not  adopted  until  the  1950's,  recognizes  three  subclasses  within  the  Anthozoa 
(Fig.  IB).  The  orders  containing  the  black  corals  and  the  tube  anemones  were  removed 
from  the  Hexacorallia  and  placed  within  their  own  Subclass,  the  Ceriantipatharia.  This 
revision  was  based  on  two  characters:  the  resemblance  of  the  larval  cerianthid  (the 
cerinula)  to  the  adult  antipatharian  polyp,  and  weak  and  indefinite  mesentery  musculature 
(Wells  &  Hill  1956b).  The  Subclass  Octocorallia  was  also  revised  based  on  the  hypothesis 
that  the  species  of  the  Octocorallia  were  not  sufficiently  different  from  one  another  to 
warrant  distinction  at  the  ordinal  level  (Bayer  1981).  The  new  octocorallian  classification 
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Fig.  1  Historical  and  revised  taxonomic  divisions  within  the  Class  Anthozoa. 

A.  Traditional  classification,  e.g.  Minchin  et  al.  (1900),  Deichmann 
(1936),  Hyman  (1940). 

B.  Revised  classifications,  e.g.  van  Beneden  (1897),  Bayer  (1981). 
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system  retained  the  orders  Helioporacea  and  Pennatulacea,  and  combined  the  remaining 
species  into  the  Order  Alcyonacea.  The  previous  ordinal  divisions  were  loosely  maintained 
at  the  subordinal  level  within  the  Alcyonacea. 

The  Anthozoa  have  a  relatively  simple  morphology,  with  few  characters  on  which 
to  base  their  taxonomy.  The  divisions  within  the  Hexacorallia  can  include  differences  in 
the  numbers  of  tentacles  and  mesenteries,  as  well  as  the  presence  or  absence  of  a  skeleton, 
but  the  octocorals  all  have  the  same  number  of  tentacles  and  mesenteries,  reducing  the 
number  of  characters  even  further  for  defining  groups  within  the  subclass.  Morphological 
characters  are  so  few  in  the  octocorals  that  sometimes  an  entire  group  is  defined  by  a  single 
character  (Hickson  1930).  The  various  taxonomic  arrangements  have  arisen  from  differing 
interpretations  of  the  significance  of  these  characters  (e.g.  Broch  &  Horridge  1957  vs. 
Bayer  1993,  concerning  spicule  morphology).  The  fossil  record  for  the  anthozoans  is 
incomplete,  because  many  of  the  species  lack  any  solid  skeleton  which  would  be  preserved 
more  readily. 

Genetic  data  can  be  particularly  useful  for  investigating  these  types  of  taxonomic 
relationships.  Many  genes  are  found  universally  in  all  living  species,  and  can  therefore  be 
compared  directly.  This  is  true  for  very  few  morphological  characters.  Different  regions 
of  DNA  evolve  at  different  rates  as  a  result  of  functional  constraints,  so  a  genomic  region 
can  be  selected  to  be  appropriate  for  the  scope  of  the  evolutionary  question  addressed. 

New  methods  of  analysis  have  recently  become  tractable  for  large  data  sets.  Researchers 
can  now  use  appropriate  models  of  evolution  in  their  analyses,  reducing  the  error 
introduced  into  the  analysis  from  incorrect  assumptions  about  the  way  genes  evolve. 

In  this  thesis  work,  I  used  molecular  phylogenetic  methods  to  address  questions  of 
evolution  within  the  Class  Anthozoa.  I  sought  to  determine  whether  traditional 
morphological  taxonomy  or  recent  taxonomic  revisions  more  accurately  reflect  the 
■  phylogeny  of  the  class.  Two  specific  questions  pertaining  to  the  Class  Anthozoa  have 
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arisen  from  conflicts  in  the  interpretation  of  morphological  data.  The  first  question 
addresses  the  validity  of  the  Subclass  Ceriantipatharia  within  the  Anthozoa.  The  placement 
of  Ceriantharia  and  the  Antipatharia  in  a  separate  subclass  argues  that  these  groups  are  of  an 
evolutionary  lineage  separate  from  that  of  the  other  Anthozoa.  A  more  fundamental  aspect 
of  this  question  is  whether  the  ordinal  divisions  within  the  Hexacorallia  and 
Ceriantipatharia,  which  are  based  exclusively  on  morphological  differences,  reflect  the 
phylogeny  of  these  species. 

The  second  question  concerns  the  degree  of  genetic  divergence  among  the  major 
groups  within  the  subclass  Octocorallia,  and  whether  the  morphologically  recognized 
divisions  correspond  to  genetic  associations  found.  I  examined  whether  genetic  divergence 
indicates  that  the  morphological  groups  should  be  distinguished  at  the  ordinal  or  subordinal 
level.  The  separation  of  groups  at  the  ordinal  level  indicates  these  groups  are  more  distinct 
from  each  other  than  if  they  were  separated  at  the  subordinal  level.  The  revised  taxonomy 
(Bayer  1981)  suggests  a  closer  relationship  among  the  alcyonacean  suborders  than  among 
the  orders  Helioporacea,  Alcyonacea,  and  Pennatulacea.  Measures  of  sequence  divergence 
will  indicate  the  relative  differences  within  and  among  the  seven  historically  recognized 
orders.  If  divergence  is  lower  among  the  suborders  of  the  Alcyonacea  than  among  the 
orders  Helioporacea,  Alcyonacea,  and  Pennatulacea,  this  would  suggest  that  the  Order 
Alcyonacea  with  the  current  subordinal  divisions  is  a  more  accurate  reflection  of  the 
evolutionary  history  of  the  Octocorallia. 

This  thesis  project  also  examined  the  phylogenetic  affinities  of  two  taxa  with 
intriguing  morphologies.  The  first  is  the  species  Dactylanthus  antarcticus,  which  is  a 
member  of  the  Order  Ptychodactiaria  within  the  Subclass  Hexacorallia.  The 
Ptychodactiaria  are  anemone-like,  and  were  historically  members  of  the  Order  Actiniaria 
(the  anemones).  Their  musculature,  nematocysts  and  mesenterial  structure  were 
subsequently  deemed  ancestral  and  unique  from  the  other  Actiniaria,  and  a  new  order  was 


23 


created  for  them  (Wells  &  Hill  1956c).  The  second  species,  Dendrobrachia  paucispina, 
was  originally  classified  with  the  Order  Antipatharia  (black  corals)  based  on  its  skeletal 
axis.  Recent  examinations  of  polyp  morphology  suggest  that  Dendrobrachia  is  actually  a 
member  of  the  Octocorallia.  Molecular  information  was  utilized  to  clarify  the  phylogenetic 
affinities  of  these  unusual  species. 

I  acquired  individual  specimens  or  DNA  from  species  representing  all  of  the  orders 
and  the  majority  of  the  suborders  and  families  in  the  Class  Anthozoa  in  order  to  constmct  a 
molecular  phylogeny  of  the  class.  Species  from  all  orders  and  most  suborders  of  the 
Hexacorallia  were  obtained  for  my  analyses,  as  well  as  members  of  22  of  the  30  extant 
families  of  the  Octocorallia.  This  sampling  scheme  was  devised  to  include  representatives 
from  across  the  morphological  breadth  of  the  Class  Anthozoa. 

Specimens  were  collected  by  submersible  from  Fieberling  Guyot  in  1990  and 
Hawaiian  seamounts  in  1993  and  1996,  and  in  coastal  environments  in  the  U.S.,  Bermuda, 
New  Zealand,  the  Red  Sea,  and  Panama.  Sequences  were  determined  from  twelve  alcohol- 
preserved  specimens  from  the  National  Museum  of  Natural  History,  the  Harvard  Museum 
of  Comparative  Zoology,  and  the  Bermuda  Aquarium,  Natural  History  Museum  and  Zoo. 

Molecular  Techniques 

There  are  many  steps  in  the  progression  from  specimen  to  phylogenetic  tree. 

Recent  technological  advances  have  improved  the  accessibility,  quality  and  speed  of  many 
of  the  steps  of  phylogenetic  analysis.  Advances  in  analytical  methods  have  accompanied 
the  advances  in  techniques,  providing  a  clearer  understanding  of  molecular  evolutionary 
processes  in  the  natural  world.  As  a  result,  the  appearance  of  molecular  phylogenies  in  the 
recent  literature  has  increased  geometrically. 
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Selection  of  a  Genomic  Region 

Organismal  phylogenies  using  molecular  data  are  based  on  the  assumption  that  a 
specific  genomic  region  is  representative  of  the  evolutionary  history  of  the  entire  genome. 
Sequence  information  from  a  single  gene  or  portions  of  several  different  genes  are 
evaluated  because  it  is  impractical  to  obtain  the  sequence  of  an  entire  genome.  Each 
genomic  region  evolves  at  a  specific  rate  determined  by  its  stmctural  and  functional 
constraints,  so  a  particular  region  must  be  selected  that  is  appropriate  for  the  phylogenetic 
question.  A  gene  that  evolves  too  slowly  will  yield  insufficient  genetic  differences  to 
indicate  phylogenetic  relationships  among  closely  related  taxa.  A  gene  that  evolves  too 
rapidly  will  be  difficult  to  align  among  species  that  are  evolutionarily  divergent.  Genetic 
divergences  greater  than  30%  indicate  the  sequences  are  essentially  randomized,  and 
therefore  difficult  to  align  with  certainty  (Hillis  &  Dixon  1991).  Appropriate  genomic 
regions  must  be  chosen  for  addressing  evolutionary  relationships  at  the  taxonomic  levels 
under  investigation. 

Two  basic  types  of  genes  that  have  been  used  for  reconstructing  molecular 
phylogenies  are  protein-coding  genes  and  ribosomal  genes.  Protein-coding  genes  are 
constrained  in  the  ways  they  can  evolve  because  they  must  produce  a  functional  protein. 
Ribosomal  RNA  genes,  found  in  both  the  nucleus  and  mitochondria,  do  not  produce  a 
protein,  but  form  part  of  an  RNA  and  protein  complex  that  builds  other  proteins.  The  RNA 
within  these  ribosomal  complexes  have  extensive  secondary  structure,  including  regions 
that  must  maintain  base-pairing  with  other  portions  of  the  RNA  (stem  regions),  as  well  as 
regions  which  do  not  engage  in  base-pairing  (loop  regions)  and  are  therefore  less 
constrained.  Because  of  these  stmctural  constraints,  ribosomal  RNA  genes  have  domains 
that  evolve  at  different  rates,  making  them  appropriate  for  phylogenetic  analysis  at  a  variety 
of  taxonomic  levels. 
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Nuclear  ribosomal  RNA  genes  are  used  frequently  to  address  phylogenetic 
questions  at  a  variety  of  taxonomic  levels.  In  particular,  the  small-subunit  18S  rRNA  gene 
has  proven  useful  for  phylogenetic  inquiries  at  the  phylum  level  (e.g.  Wainright  et  al. 

1993),  the  ordinal  level  (e.g.  Kelly-Borges  et  al.  1991,  Hay  et  al.  1995)  and  the  family 
level  (e.g.  Kuznedelov  &  Timoshkin  1993,  Fitch  et  al.  1995).  The  questions  I  address  in 
this  thesis  fall  within  this  range,  suggesting  that  the  nuclear  18S  rRNA  gene  is  appropriate 
for  this  work.  Although  the  18S  rRNA  gene  is  fairly  large  (roughly  1800  basepairs  in 
cnidarians),  the  availability  of  automated  sequencers  facilitates  the  sequencing  process 
greatly.  It  is  no  longer  prohibitive  to  generate  many  DNA  sequences  from  genomic  regions 
of  this  size. 

Generating  DNA  Sequences 

The  determination  of  DNA  sequences  relies  upon  the  generation  of  large  quantities 
of  DNA  from  the  genomic  region  of  interest.  This  was  a  time-consuming  process  in  the 
past;  the  region  of  interest  was  identified  through  restriction  digests  and  probing,  the 
sample  DNA  was  cloned  into  bacterial  colonies,  and  then  the  colonies  were  grown  and 
harvested  to  produce  sufficient  quantities  of  DNA  to  determine  the  sequence. 

Undeniably,  the  most  significant  recent  advance  in  molecular  techniques  as  they 
relate  to  the  generation  of  DNA  sequences  is  the  Polymerase  Chain  Reaction  (PCR).  PCR 
was  first  described  in  1987  (Mullis  &  Faloona  1987).  It  is  a  process  by  which  a  particular 
genomic  region  can  be  copied  exponentially  by  mimicking  the  cellular  DNA  replication 
cycle.  DNA  polymerase  and  individual  nucleotides  are  added  to  the  DNA  template,  along 
with  small  single-stranded  (oligonucleotide)  primers  that  anneal  to  the  ends  of  the  sequence 
to  be  determined.  The  regions  flanking  the  gene  of  choice  must  therefore  be  known  in 
order  to  design  appropriate  oligonucleotide  primers.  PCR  is  a  highly  effective  procedure, 
producing  a  200,000-fold  increase  in  the  target  sequence  in  20  cycles  by  starting  with  1  |ig 
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of  total  DNA  (Mullis  &  Faloona  1987).  The  target  sequence  can  be  present  in  very  minute 
quantities,  which  makes  this  procedure  applicable  for  working  with  museum  specimens, 
where  tissue  samples  are  limited  and  the  majority  of  the  DNA  in  the  specimen  may  be 
damaged  or  degraded. 

For  my  project,  I  performed  PCR  amplifications  of  the  nuclear  18S  rRNA  gene, 
and  I  cloned  the  PCR  fragments  into  bacterial  colonies.  There  are  three  primary  reasons  for 
this  approach.  First,  cloning  gave  me  a  permanent  record  of  my  PCR  amplifications  to 
which  I  could  return  if  needed.  Additionally,  methods  for  determining  the  sequence  of 
PCR  products  require  large  concentrations  of  those  products.  Generating  large  amounts  of 
PCR  product  is  routine  from  fresh  or  frozen  specimens,  but  this  was  rarely  the  case  with 
the  museum  specimens.  Lastly,  cloning  the  PCR  fragments  allowed  me  to  determine  the 
sequence  for  the  entire  fragment.  Normally,  the  ends  of  the  DNA  template  are  ‘lost’  in  the 
sequencing  process,  because  sequencing  primers  must  be  slightly  internal  to  the  PCR 
primers  to  produce  a  clean  DNA  sequence.  If  the  PCR  fragment  is  cloned,  however,  one 
can  begin  the  sequencing  reaction  within  the  bacterial  vector,  and  read  the  entire  PCR 
fragment. 

I  used  the  TA-cloning  method  (Invitrogen  Corporation)  in  my  protocol.  TA- 
cloning  takes  advantage  of  a  biochemical  characteristic  of  the  PCR  reaction:  Taq  DNA 
polymerase  adds  an  additional  adenosine  (A)  nucleotide  to  the  end  of  every  synthesized 
DNA  fragment.  The  bacterial  vector  is  designed  to  have  single  thymidine  (T)  nucleotide  on 
its  ends  which  will  pair-bond  with  the  ends  of  the  PCR  fragments,  and  splice  the  DNA 
fragment  into  the  vector.  The  vector  with  the  PCR  fragment  is  then  transformed  into 
bacterial  cells,  where  it  replicates  along  with  the  bacterial  DNA  replication  system.  The 
cells  are  grown  on  solid  medium,  and  are  harvested  and  their  DNA  extracted  to  be  used  as 
the  template  for  the  DNA  sequencing  reaction. 
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I  utilized  Licor  automated  sequencers  for  the  bulk  of  this  thesis  project.  I  employed 
the  dideoxy  sequencing  method  (the  Sanger  method)  for  the  sequencing  reaction,  with  an 
infrared  label  on  the  sequencing  primers.  I  performed  six  sequencing  reactions  for  each 
specimen,  with  three  primers  along  each  strand  of  DNA  for  both  strands.  I  determined  the 
sequences  for  each  strand  in  order  to  verify  that  the  sequence  was  internally  consistent. 

The  images  were  analyzed  using  the  Biolmage  program,  which  read  the  gels  and  assembled 
the  individual  reactions  to  form  contiguous  sequences. 

Sequence  Analysis 

Once  the  sequences  have  been  determined  for  a  group  of  organisms,  phylogenetic 
inferences  can  be  made  about  those  organisms  based  on  the  similarities  and  differences  of 
their  sequences.  The  first  step  in  comparing  sequences  is  to  align  them  (Fig.  2A).  An 
alignment  can  be  thought  of  as  an  hypothesis  of  positional  nucleotide  homology.  An 
alignment  asserts  that  all  nucleotides  at  a  given  position  would  share  a  common  ancestral 
nucleotide.  Computer  programs  are  available  that  will  align  sequences,  although  many 
alignments  can  be  constructed  easily  by  eye.  Sequence  similarity  is  the  primary  basis  by 
which  sequences  are  aligned,  but  such  alignments  are  subject  to  homoplasy  (two 
nucleotides  are  the  same  at  a  given  position  through  parallel  evolution,  not  because  they 
have  a  common  ancestor).  The  use  of  stem  and  loop  structure  can  be  beneficial  when 
aligning  ribosomal  sequences,  incorporating  knowledge  of  secondary  structure.  However 
an  alignment  is  created,  it  is  absolutely  critical  that  the  alignment  be  accurate  before 
proceeding  with  further  analyses.  All  phylogenetic  analyses  assume  the  alignment  is 
correct,  since  the  analyses  intend  to  compare  homologous  characters.  For  this  reason,  any 
regions  of  the  alignment  that  are  ambiguous  or  difficult  to  align  with  certainty  should  be 
removed  from  the  data  set. 
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Anthozoan  1  C  -  CGCCTGTGGTGATTC  ATA 
Anthozoan  2  CGCGCCTGTGATGATTCAGA 
Anthozoan  3  AACGGCCGTGGTGATTCATA 
Outgroup  GACGTCAGTCATCTTTAACT 


A 


B 


Anthozoan  1 
Anthozoan  2 


Anthozoan  3 
Outgroup 


Fig.  2  Examples  of  a  sequence  alignment  and  phylogenetic  tree 

A.  Sample  alignment  of  three  theoretical  species. 

B.  Hypothetical  tree  huilt  from  the  above  sequences. 
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The  product  of  a  phylogenetic  analysis  is  a  tree  depicting  relationships  among  the 
taxa  included  in  the  analyses  (Fig.  2B).  The  individual  taxa  are  found  at  the  tips  of  the 
branches,  and  the  branching  pattern  organizes  the  taxa  into  groups  based  on  hypothesized 
evolutionary  relationships.  As  one  moves  from  the  tips  of  the  tree  back  to  the  base,  one  is 
moving  back  in  time,  retracing  the  development  of  the  lineage  of  organisms.  Each  tree  is 
considered  an  evolutionary  hypothesis,  based  on  the  data  presented  and  the  algorithm  used, 
representing  proposed  evolutionary  relationships  among  the  members  of  the  tree. 

Therefore,  trees  of  differing  topologies  are  considered  alternative  evolutionary  hypotheses. 

The  topological  positions  of  taxa  on  a  tree  convey  specific  relationships  among 
those  taxa.  A  group  of  taxa  that  are  united  into  a  single  cluster,  joined  together  at  a 
common  base,  is  called  a  clade.  Stated  in  a  slightly  different  way,  a  clade  constitutes  a 
single  point  on  the  tree  and  all  descendents.  A  group  of  taxa  is  considered  monophyletic  if 
all  taxa  in  the  group  can  be  found  in  a  single  clade,  with  no  other  species  included  in  that 
clade.  A  group  of  taxa  is  polyphyletic  if  members  of  that  group  can  be  found  in  different 
clades,  with  other  species  intermixed.  A  group  is  paraphyletic  if  it  includes  a  common 
ancestor  and  some,  but  not  all,  of  the  descendents.  Taxa  that  branch  together  with  no  other 
species  between  them  are  called  sister  taxa  (e.g.  Anthozoan  1  and  Anthozoan  2  from  Fig. 
2B).  Sister-taxa  are  presumed  to  be  more  closely  related  to  each  other  than  to  any  other 
taxon  on  the  tree.  Similarly,  clades  that  branch  together  are  called  sister  clades.  A  species 
that  branches  at  the  base  of  a  clade  is  considered  basal  to  that  clade  (e.g.  Anthozoan  3  is 
basal  to  Anthozoans  1  and  2  in  Fig.  2B).  A  basal  taxon  is  considered  to  be  ancestral  to  that 
clade,  having  diverged  from  it  before  the  other  members  of  that  clade.  Conversely,  a 
species  that  branches  nearest  the  tips  of  the  tree  (e.g.  Anthozoan  1),  is  considered  to  be  a 
derived  species,  having  diverged  from  the  lineage  more  recently.  Trees  can  be  constracted 
to  depict  the  amount  of  dissimilarity  (=  genetic  distance)  among  taxa  by  branch  lengths. 
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The  horizontal  branch  lengths  between  any  two  taxa  on  a  distance  tree  is  proportional  to  the 
genetic  distance  between  those  taxa. 

Three  primary  algorithms  are  typically  used  for  analyzing  sequence  data,  each  with 
its  own  theoretical  basis.  The  most  common  method  is  parsimony,  which  operates  under 
the  familiar  tenet  that  the  simplest  explanation  is  the  most  likely.  As  it  applies  to 
phylogenetic  analyses,  the  tree  that  requires  the  least  number  of  evolutionary  steps  to 
explain  the  relationships  of  character  states  among  the  taxa  involved  is  considered  the  most 
parsimonious  reconstmction  of  those  taxa.  Parsimony  analyses  only  consider  similarities, 
and  thus  they  are  the  most  susceptible  to  the  effects  of  convergent  or  parallel  evolution. 

A  second  suite  of  analyses  are  the  distance  methods.  Distance  analyses  convert  all 
information  on  sequence  differences  between  two  taxa  to  a  single  number,  representative  of 
the  differences  between  those  taxa.  Various  evolutionary  models  can  be  built  into  distance 
calculations,  taking  into  consideration  aspects  such  as  variations  in  substitution  rate  and 
base  frequencies.  The  actual  sequence  information  is  not  retained  once  the  distance 
calculation  is  made,  which  results  in  a  loss  of  information.  But  the  algorithm  is  relatively 
fast  as  a  result,  making  it  particularly  useful  for  large  data  sets.  Distance  methods  are  not 
as  accurate  in  finding  the  correct  tree,  however,  if  there  are  many  short  branches. 

Maximum  Likelihood  (ML)  methods  have  been  developed  most  recently  for 
practical  use  with  sequence  data  sets.  ML  constracts  phylogenetic  trees  that  are  the  most 
likely  given  the  sequence  data  being  analyzed  and  the  evolutionary  model  employed 
(Swofford  et  al.  1996,  Huelsenbeck  &  Crandall  1997).  The  analysis  produces  a  statistic 
for  each  tree,  the  maximum  likelihood  score  (Lscore)  that  is  the  probability  of  that  tree 
given  the  data  set  and  the  model.  This  score  can  be  used  to  compare  two  different  trees  (i.e. 
two  evolutionary  hypotheses)  statistically. 

Maximum  likelihood  techniques  allow  one  to  tailor  the  evolutionary  model  used 
specifically  for  the  analysis  of  each  individual  data  set.  This  is  especially  important  when 
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working  with  large  data  sets,  where  the  error  introduced  from  using  an  incorrect  method  of 
analysis  can  overwhelm  the  phylogenetic  information  in  the  data  set  (DeSalle  et  al.  1994, 
Rzhetsky  &  Nei  1995). 

The  types  of  parameters  ML  can  use  in  its  evolutionary  models  include  unequal 
base  frequencies,  base-specific  rates  of  change  (i.e.  A  to  C,  G  to  T,  etc.),  a  proportion  of 
sites  that  are  invariant,  and  a  variable  substitution  rate  among  the  remaining  sites.  One  can 
choose  between  having  one,  two,  or  six  different  rates  of  substitution.  One  rate  of 
substitution  effectively  gives  all  sites  the  same  mutational  rate.  Two  substitutional  rates 
allows  the  differentiation  between  transitions  (A  to  G,  C  to  T)  and  transversions  (A  to  C,  G 
to  T).  Six  rates  of  substitution  allows  a  rate  of  substitution  for  each  possible  base  change 
(A  to  C,  A  to  G,  A  to  T,  etc.,).  Further  heterogeneity  in  substitutional  rate  may  be  present 
in  the  data,  especially  in  ribosomal  sequences.  The  gamma  distribution  is  often  used  to 
model  this  heterogeneity:  a  few  sites  have  a  high  substitutional  rate  (potentially  multiple 
substitutions  at  a  single  site),  and  the  majority  of  sites  have  a  very  low  substitutional  rate. 
The  exact  shape  of  the  gamma  distribution  is  determined  by  the  gamma  parameter,  a, 
which  is  the  inverse  of  the  coefficient  of  variation  for  the  distribution.  The  most  complex 
ML  model  incorporates  all  of  the  parameters  just  described  (unequal  base  frequencies,  six 
rates  of  substitution,  a  proportion  of  invariant  sites,  and  rate  heterogeneity  modeled  with  a 
ganuna  distribution).  This  model  is  referred  to  as  a  General  Time-Reversible  model  (GTR) 
with  substitutional  rate  heterogeneity  (discussed  in  depth  in  Swofford  et  al.  1996). 

Maximum  likelihood  calculations  will  indicate  which  evolutionary  parameters 
should  be  incorporated  when  analyzing  a  particular  data  set.  The  most  accurate 
evolutionary  model  will  always  be  the  GTR  model  with  rate  heterogeneity,  described 
above,  but  it  is  also  the  most  complex  (i.e.  has  the  most  parameters  to  calculate).  It  is  not 
always  necessary  to  use  the  most  complex  model.  The  simpler  models  incorporate  fewer 
parameters  (i.e.  unequal  base  frequencies,  proportion  of  invariant  sites,  etc.)  and  are 
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therefore  less  computer-intensive,  and  will  mn  more  quickly  than  the  more  complex 
models.  A  simpler  method  will  also  produce  lower  variance.  A  simpler  model,  however, 
may  not  be  sufficiently  accurate.  In  order  to  determine  which  model  is  the  simplest  for  a 
given  data  set  without  sacrificing  accuracy,  a  tree  is  generated  from  that  data  set  with  any  of 
the  standard  models  (parsimony,  distance,  etc.).  The  Lscores  are  then  calculated  for  that 
tree  using  a  number  of  different  evolutionary  models,  and  compared  using  the  Likelihood 
Ratio  Test  (LRT)  (Swofford  et  al.  1996,  Huelsenbeck  &  Rannala  1997).  The  LRT  will 
determine  if  a  simpler  model  can  be  used,  or  if  a  more  complex  model  will  give 
significantly  better  results.  Once  the  appropriate  evolutionary  model  has  been  determined, 
the  same  initial  tree  is  used  to  calculate  the  correct  parameters  for  the  model  chosen  based 
on  the  particular  data  set.  Those  parameters  are  then  used  in  an  ML  analysis  of  the  data. 

Once  the  parameters  have  been  chosen  for  a  given  data  set,  a  search  for  the  most 
likely  tree  is  performed.  The  most  thorough  method  of  searching  is  termed  an  exhaustive 
search,  in  which  all  possible  branching  combinations  of  taxa  are  tried  and  evaluated.  The 
number  of  possible  trees  increases  geometrically  with  the  number  of  taxa,  however.  Only 
one  tree  is  possible  with  three  taxa,  but  four  taxa  can  yield  3  trees,  five  taxa  yield  15 
possible  trees,  six  taxa  generate  105  possible  trees,  etc.  (Swofford  1991).  A  data  set  like 
those  used  for  chapters  2  and  3  include  over  50  taxa,  which  yield  well  over  3  x  10^4 
possible  trees.  Computationally,  this  is  very  intensive.  As  a  result,  I  have  conducted 
heuristic  searches  of  my  data  sets. 

Heuristic  searches  are  must  faster  than  exhaustive  searches,  but  they  are  not 
guaranteed  to  find  the  optimal  tree.  Heuristic  searches  are  conducted  by  constructing  an 
initial  tree,  and  then  swapping  branches  on  that  tree  in  an  attempt  to  improve  the  tree.  The 
search  will  settle  on  the  best  tree  possible  given  the  original  starting  tree.  This  type  of 
searching  runs  the  risk  of  finding  a  ‘locally  optimal'  tree  rather  than  a  ‘globally  optimal' 
tree.  The  best  way  to  increase  the  chances  of  finding  the  globally  optimal  tree  is  to  perform 
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multiple  heuristic  searches,  with  different  starting  trees.  This  is  what  I  have  done  for  the 
bulk  of  my  data  analyses. 

Once  the  most  likely  tree  (or  trees)  have  been  determined,  manipulations  of  those 
trees  can  yield  valuable  information  about  the  strengths  and  weaknesses  of  the  phylogenetic 
signal.  The  ‘most  likely’  tree  is  indeed  most  likely,  but  it  may  not  be  statistically  worse 
than  a  tree  with  an  alternate  topology.  I  used  the  computer  program  PAUP*  (Swofford 
1996  betatest  version)  in  conjunction  with  the  tree-building  program  MacClade  (Maddison 
&  Maddison  1992)  throughout  my  thesis  work  to  build  phylogenetic  trees  and  test  their 
topologies.  The  simplest  way  to  test  alternate  evolutionary  hypotheses  is  to  construct  trees 
in  MacClade,  and  then  measure  the  Lscores  of  both  trees  in  PAUP*  using  the  appropriate 
evolutionary  model.  The  Kishino-Hasegawa  test  (KH  Test)  (Kishino  &  Hasegawa  1989) 
within  PAUP*  is  a  two-tailed  statistical  test  to  determine  if  one  tree  is  statistically  less  likely 
than  the  other. 

PAUP*  offers  two  methods  that  I  used  for  testing  the  topological  support  for 
phylogenetic  trees.  The  first  is  a  search  where  a  portion  of  a  tree  is  constrained.  I  used 
constrained  searches  to  test  the  branching  order  for  the  primary  clades  in  my  trees:  I 
constrained  the  topology  within  each  of  the  clades,  then  performed  a  search  and  kept  eveiy 
tree  that  was  constructed.  The  KH  Test  can  then  determine  if  one  branching  pattern  is 
better  than  the  others,  and  if  alternate  branching  patterns  are  significantly  less  likely  than  the 
best. 

The  backbone  search  is  another  type  of  constraint,  and  will  determine  where  a  given 
taxon  can  branch  on  a  tree  without  significantly  reducing  the  likelihood  of  the  tree.  Some 
taxa  will  fall  in  a  single  position  on  the  most  likely  tree,  but  the  tree  may  not  be  much  less 
likely  if  the  taxa  are  placed  in  a  different  position.  The  backbone  search  is  a  simple  way  to 
test  all  possible  positions  for  a  given  taxon  without  creating  and  testing  each  tree 
individually.  The  entire  tree  is  constrained  for  this  search  as  a  backbone,  minus  the  taxon 
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being  tested.  An  exhaustive  search  is  conducted  and  all  trees  are  saved.  The  KH  Test  will 
show  which  branching  positions  are  not  significantly  less  likely  than  the  optimal  position. 

Specific  Issues  for  this  Project 

Museum  Specimens 

Museum  collections  contain  a  wealth  of  information  for  both  morphologists  and 
geneticists  (Thomas  1994).  These  collections  have  been  assembled  over  the  last  few 
centuries,  and  contain  species  that  are  rare,  not  easily  accessible,  or  even  extinct.  Museum 
collections  constitute  an  inv^uable  resource  for  countless  research  questions. 

The  use  of  museum  specimens  for  genetic  analyses  has  inherent  difficulties,  relating 
primarily  to  the  degraded  nature  of  archival  DNA.  Despite  fixation,  DNA  continues  to 
degrade  over  time.  Archival  DNA  is  damaged  primarily  by  oxidation  and  hydrolysis 
(Lindahl  1993).  Oxidation  of  the  pyrimidines  (cytosine  and  thymidine)  is  the  primary 
complication  for  PCR  reactions  (Hoss  et  al.  1996).  As  a  result  of  this  damage,  only  small 
stretches  of  DNA  can  be  PCR  amplified  from  most  museum  specimens. 

The  traditional  method  of  preservation  for  museum  specimens  is  formalin. 

Formalin  preserves  tissue  by  crosslinking  DNA  and  proteins  to  themselves  and  each  other 
(Fox  et  al.  1985)  which  is  highly  effective  for  the  preservation  of  archival  specimens.  The 
same  cross-linking  creates  hydroxymethyl  groups  on  the  DNA,  which  interfere  with  the 
PCR  process.  Additionally,  much  of  the  DNA  remains  tightly  bound  to  proteins  and  is  lost 
through  the  DNA  extraction  procedure  (Shedlock  et  al.  1997).  PCR  and  sequencing 
reactions  can  be  successfully  performed  on  formalin-fixed  tissues,  but  they  require  special 
handling  and  only  small  regions  of  DNA  (50-5(X)  bp)  can  be  amplified  (France  &  Kocher 
1996,  Shedlock  et  al.  1997). 

Octocorals  have  traditionally  been  preserved  in  ethanol,  rather  than  formalin, 
because  the  formalin  dissolves  the  calcium  spicules  which  are  used  in  species  identification. 
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The  absence  of  formalin  increases  the  feasibility  of  determining  longer  sequences  from 
museum  octocoral  specimens.  DNA  extractions  on  recently  ethanol-preserved  specimens 
are  relatively  straightforward  (Kocher  1992),  and  I  was  able  to  extract  and  PCR-amplify 
DNA  from  specimens  that  had  been  preserved  up  to  50  years.  Chapter  2  describes  the 
protocol  I  used  with  the  alcohol-preserved  specimens. 

Most  of  the  museum  specimens  for  which  I  attempted  PCR  reactions  yielded  no 
PCR  product  after  an  initial  PCR  reaction.  In  order  to  generate  sufficient  PCR  product  for 
the  sequencing  process,  I  had  to  perform  PCR  reamplifications  for  several  specimens:  an 
initial  PCR  amplification  was  performed,  and  an  aliquot  of  the  first  reaction  was  used  as  the 
template  for  a  second  round  of  PCR.  The  negative  control  from  the  initial  PCR  reaction 
was  always  included  as  the  template  for  a  negative  control  for  the  second  PCR  reaction. 
Even  using  PCR  reamplifications,  I  was  only  able  to  amplify  the  entire  18S  gene  in  one 
piece  for  one  specimen.  Several  specimens  were  amplified  in  two  or  three  pieces  to 
generate  the  entire  18S  sequence. 

The  degraded  nature  of  the  archival  DNA,  as  well  as  the  multiple  rounds  of  PCR 
performed  on  each  specimen,  increases  the  likelihood  that  contaminant  DNA  rather  than  the 
target  DNA  will  be  amplified.  PCR  preferentially  amplifies  molecules  of  DNA  that  are 
intact,  so  a  contaminant  of  recent  origin  (i.e.  introduced  to  the  specimen  after  it  was 
preserved)  may  be  more  likely  amplified  than  the  older,  sample  DNA.  One  way  to  increase 
the  chances  of  amplifying  the  target  DNA  is  to  design  taxon-specific  PCR  primers.  I 
designed  a  suite  of  primers  that  matched  the  DNA  of  octocoral  specimens  for  which  I  knew 
the  sequences,  but  not  the  DNA  of  fungi,  symbionts,  or  other  phyla  of  organisms  that 
might  be  found  as  contaminants.  All  sequences  were  compared  to  the  GenBank  database 
after  they  were  determined,  to  verify  that  they  were  most  similar  to  other  cnidarians  and  not 
a  potential  non-Cnidarian  contaminant. 
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Pseudogenes 

An  additional  difficulty  I  encountered  during  this  thesis  work,  probably  relating  to 
the  degraded  nature  of  the  museum  specimens,  was  the  amplification  of  pseudogenes  rather 
than  the  target  18S  gene.  Normally,  the  multiple  copies  of  the  ribosomal  genes  found 
within  each  cell  are  assumed  to  be  identical,  resulting  theoretically  from  concerted  evolution 
(Hillis  &  Dixon  1991).  Pseudogenes  are  copies  of  ribosomal  genes  that  are  not  identical  to 
the  majority,  and  are  also  not  transcribed.  They  are  similar  to  the  functional  ribosomal  gene 
but  are  not  functional  themselves,  and  as  a  result,  evolve  neutrally.  Pseudogenes  have 
been  found  in  several  invertebrate  taxa,  and  have  diverged  from  the  functional  copy  of  the 
ribosomal  gene.  Pseudogenes  found  in  the  flatworm  Dugesia  were  approximately  8% 
different  from  the  transcribed  copies  of  the  18S  gene,  which  approaches  the  divergence 
found  between  families  for  this  group  (Carranza  et  al.  1996).  This  level  of  divergence 
corresponds  to  the  divergence  found  between  classes  and  subclasses  of  anthozoans 
(discussed  in  Chapter  3).  Seven  of  the  sequences  that  I  determined  from  museum 
specimens  were  most  likely  sequences  of  pseudogenes  rather  than  the  functional  nuclear 
18S  rRNA  gene.  All  of  these  putative  pseudogenes  clustered  together  in  my  analyses,  and 
they  branched  most  closely  with  the  Order  Scleractinia  (Subclass  Hexacorallia)  rather  than 
the  Octocorallia  to  which  they  belonged.  These  specimens  were  excluded  from  my 
analyses. 

I  encountered  pseudogene  sequences  in  determining  the  sequence  for 
Dendrohrachia  paucispina.  The  specimen  had  been  alcohol-preserved  for  eight  years,  and 
two  PCR  fragments  (with  a  1065-bp  overlap)  were  required  to  construct  the  entire  18S 
sequence.  The  sequences  were  determined  for  four  clones  of  each  fragment.  The  clones 
for  the  first  half  were  all  identical,  but  the  clones  for  the  second  half  were  all  different. 

Each  of  the  four  clones  were  verified  as  cnidarian  by  a  search  of  the  GenBank  database,  but 
only  one  of  the  sequences  was  identical  to  the  first  half  of  the  gene,  based  on  an 
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overlapping  region  of  the  two  sequences.  I  used  the  clone  that  was  identical  to  the  first  half 
to  complete  the  Dendrobrachia  sequence,  and  hypothesized  that  the  other  sequences  were 
from  pseudogenes.  The  complete  sequence  placed  Dendrobrachia  within  the  Octocorallia, 
as  expected  from  morphology,  and  not  with  the  cluster  of  pseudogenes  near  the 
Scleractinia.  I  am  therefore  relatively  confident  that  the  sequence  for  Dendrobrachia  is  real, 
and  not  an  artifact.  Sequences  from  additional  specimens  of  Dendrobrachia  would  be 
necessary  to  verify  the  validity  of  the  sequence  I  have  generated. 

Previous  Molecular  Studies 

Molecular  studies  of  the  Anthozoa  are  few,  but  they  have  given  us  some  insight  into 
the  questions  I  address  with  this  thesis.  These  studies  have  examined  a  variety  of 
ribosomal  genes,  including  the  mitochondrial  16S  rRNA  gene  (France  et  al.  1996),  the 
nuclear  28S  rRNA  gene  (Chen  et  al.  1995),  and  the  nuclear  18S  gene  (Song  &  Won  1997). 
They  examine  the  subclass  divisions  within  the  Anthozoa  and  the  ordinal  divisions  within 
the  Hexacorallia  and  the  Octocorallia,  but  do  not  address  the  phylogenetic  affinities  of 
Dactylanthus  or  Dendrobrachia.  All  of  these  studies  used  general  parsimony  or  distance 
methods  rather  than  the  more  accurate  maximum  likelihood  methods.  None  of  these 
studies  have  the  breadth  of  taxonomic  sampling  that  this  study  does,  and  all  of  them  use 
partial  gene  sequences.  But  these  studies  offer  both  support  for,  and  alternate  hypotheses 
to,  what  I  have  found  in  my  thesis  work. 

Mitochondrial  16S  (France  et  al.  1996)  and  nuclear  18S  (Song  &  Won  1997) 
sequence  information  have  both  indicated  that  the  Ceriantharia  and  the  Antipatharia,  united 
within  the  Subclass  Ceriantipatharia,  are  genetically  divergent  from  one  another.  The 
nuclear  18S  analyses  indicated  that  the  Ceriantharia  are  ancestral  to  all  other  Anthozoa,  and 
the  Antipatharia  have  affinities  within  the  Hexacorallia.  Mitochondrial  DNA  supported  that 
the  Antipatharia  branch  within  the  Hexacorallia,  but  indicated  that  the  Ceriantharia  were 
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ancestral  to  the  Hexacorallia  rather  than  the  entire  Anthozoa.  Neither  study  had  complete 
taxonomic  representation  of  the  orders  in  the  Hexacorallia  to  determine  the  specific 
affinities  of  the  Antipatharia.  My  thesis  work  included  representatives  of  all  of  the  orders 
within  the  Hexacorallia,  and  therefore  I  could  generate  a  more  complete  analysis  of  the 
subclass  divisions  within  the  Anthozoa. 

The  ordinal-level  divisions  within  the  Hexacorallia  are  supported  by  mitochondrial 
rDNA  (France  et  al.  1996)  and  18S  rDNA  (Song  &  Won  1997),  but  not  entirely  by  28S 
rDNA  (Chen  et  al.  1995).  The  Scleractinia  were  monophyletic  in  Chen  et  al.'s  analyses, 
but  both  the  Actiniaria  and  Corallimorpharia  were  polyphyletic.  Chen  et  al.  used  very  short 
sequences,  however,  which  may  have  affected  the  results  they  found.  I  have  included  over 
1600  bp  of  sequence  information  spanning  the  entire  18S  rRNA  gene  for  my  analyses. 

Molecular  information  is  not  as  available  for  addressing  the  divisions  within  the 
Octocorallia.  The  France  et  al.  study  (1996)  is  the  most  thorough  so  far,  including 
representatives  from  the  Pennatulacea,  and  16  species  from  10  families  within  the 
Alcyonacea.  Mitochondrial  DNA  sequences  do  not  indicate  a  correlation  between 
phylogenetic  stracture  and  traditional  taxonomy  within  the  Octocorallia.  The  analyses  of 
Song  and  Won  (1997)  did  not  disagree  with  the  current  taxonomy,  but  they  include  only  a 
single  pennatulacean  and  four  species  from  two  families  of  the  Alcyonacea.  Both  studies 
did,  however,  find  the  Pennatulacea  to  be  ancestral  within  the  Octocorallia.  My  thesis 
project  continues  this  work,  including  representatives  of  22  families  within  the  Order 
Alcyonacea,  a  representative  of  the  Order  Helioporacea,  and  eight  representatives  of  the 
Order  Pennatulacea. 
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Summary 

The  goal  of  this  thesis  project  was  to  build  the  most  complete  molecular  phylogeny 
of  the  Anthozoa  to  date.  A  number  of  specific  questions  were  addressed  with  this  work, 
relating  to  the  taxonomic  divisions  within  the  Class  Anthozoa,  and  within  the  subclasses 
Hexacorallia,  Octocorallia,  and  Ceriantipatharia: 

•  Does  genetic  information  support  division  of  the  Class  Anthozoa  into  two 
subclasses  or  three?  Is  the  association  of  the  Ceriantharia  and  the  Antipatharia  in 
the  Subclass  Ceriantipatharia  valid,  based  on  evolutionary  history? 

•  Does  genetic  sequence  information  support  the  division  of  the  Subclass 
Octocorallia  into  three  orders  or  seven?  Do  the  traditional  morphological 
divisions  correspond  to  the  phylogenetic  divisions  I  find? 

•  Are  the  Ptychodactiaria  deserving  of  ordinal  distinction  separate  from  the 
Actiniaria  within  the  Hexacorallia? 

•  Is  Dendrobrachia  affiliated  with  the  Antipatharia,  with  which  it  was  previously 
classified?  Or  is  it  more  closely  related  to  the  Octocorallia,  as  indicated  by  polyp 
morphology? 

•  Which  morphological  characters  appear  to  provide  evolutionary  information? 
Which  characters  clearly  do  not? 

In  order  to  address  these  questions,  I  determined  the  nuclear  18S  rDNA  sequences 
from  58  species  across  the  Class  Anthozoa.  I  included  12  previously  sequenced 
anthozoans,  available  from  the  GenBank  database,  as  well.  This  sampling  scheme  gave  me 
representatives  from  across  the  morphological  breadth  of  the  entire  class.  I  used  the 
complete  18S  sequence,  and  conducted  my  phylogenetic  analyses  using  maximum 
likelihood  techniques.  ML  allowed  me  to  tailor  the  evolutionary  model  I  used  to  be 
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appropriate  for  this  particular  gene  and  this  group  of  species.  I  also  used  ML  techniques  to 
compare  alternate  evolutionary  hypotheses  statistically,  and  thereby  test  hypotheses 
suggested  in  previous  molecular  studies. 

This  thesis  project  further  developed  techniques  for  utilizing  ethanol-preserved 
museum  specimens  for  DNA  sequence  analyses.  DNA  extraction  and  PCR  amplification 
of  recently-preserved  (i.e.  1-2  years)  specimens  is  routinely  practiced  in  many  laboratories, 
but  this  is  not  tme  for  long-preserved  (i.e.  10-50  years)  specimens.  DNA  can  be 
successfully  extracted  and  PCR  amplified  from  recently  preserved  specimens,  but  archival 
specimens  require  special  handling  and  protocols.  Chapter  2  describes  the  techniques  that 
were  successful  for  determining  DNA  sequences  from  museum  specimens  of  octocorals. 

Knowledge  of  how  species  evolve  is  essential  to  our  understanding  of  the  natural 
world.  The  species  that  are  on  the  Earth  today  are  the  direct  result  of  millions  of  years  of 
evolutionary  change,  and  that  evolution  is  continuing.  The  taxonomic  divisions  within  the 
Anthozoa  are  difficult  to  determine  using  only  morphological  characters,  as  anthozoans  are 
some  of  the  simplest  invertebrate  species.  The  addition  of  molecular  characters  gives  us  a 
common  character  to  compare  across  all  species  within  the  class,  and  which  can  also  be 
compared  to  other  invertebrate  taxa. 

Anthozoans  are  a  very  important  group  of  taxa  from  an  ecological  view.  Species  of 
anthozoans  can  be  found  everywhere  throughout  the  ocean,  from  the  shallow  intertidal  to 
the  deep  sea.  Species  in  the  Order  Scleractinia  create  the  foundation  for  the  coral  reef 
ecosystem,  which  is  highly  complex  and  very  fragile.  Members  of  both  the  Subclass 
Octocorallia  and  Hexacorallia  are  also  prominent  on  reef  ecosystems.  A  better 
understanding  of  how  these  species  are  related  to  each  other  and  how  they  change  over  time 
may  help  us  conserve  these  delicate  environments  for  years  to  come. 
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Chapter  2 


Generating  DNA  sequence  information  from  museum  collections 
of  octocoral  specimens  (Phylum  Cnidaria:  Class  Anthozoa) 
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Abstract 

Museum  collections  of  preserved  flora  and  fauna  historically  used  for 
morphological  studies  are  now  increasingly  being  utilized  for  addressing  genetic  questions. 
The  extraction  of  DNA  from  ethanol-preserved  specimens  of  recent  origin  is  practiced 
routinely,  but  genetic  analyses  of  long-preserved  specimens  have  inherent  difficulties  due 
to  the  slow  degradation  of  DNA.  The  goal  of  this  study  was  to  demonstrate  the  feasibility 
of  isolating  genomic  DNA  from  museum  specimens  of  octocorals  with  subsequent 
amplification  of  the  18S  rRNA  gene.  Techniques  were  designed  to  solve  several  problems 
for  obtaining  genetic  sequences  from  museum  specimens.  The  DNA  extractions  of 
museum  specimens  yielded  only  small  amounts  of  DNA  of  very  low  molecular  weight, 
which  limits  the  length  of  Polymerase  Chain  Reaction  (PCR)  products  that  can  be  generated 
with  standard  protocols.  I  was  successful  in  producing  PCR  fragments  from  museum 
specimens  by  performing  an  extended  tissue  digestion  on  the  archival  specimens,  running 
an  initial  PCR  reaction,  and  then  following  with  a  reamplification  of  the  original  PCR 
product.  The  use  of  taxon-specific  PCR  primers  decreased  the  risk  of  amplifying 
contaminant  DNA  rather  than  the  target  DNA  in  archival  specimens.  The  combination  of 
our  modified  extraction  protocol  and  PCR  reamplifications  with  taxon-specific  PCR 
primers  allowed  me  to  generate  700-  to  1800-basepair  sequences  from  16  specimens  from 
three  different  museum  collections  that  had  been  preserved  for  up  to  fifty  years. 
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Introduction 

Scientists  and  lay  persons  have  contributed  specimens  to  museum  collections 
world-wide  for  well  over  one  hundred  years,  creating  a  highly  useful  resource  for 
investigators  today.  Many  of  these  specimens  have  been  collected  during  expeditions, 
while  others  have  been  collected  incidentally  in  the  course  of  other  pursuits.  These 
preserved  specimens  can  be  used  to  address  a  variety  of  questions. 

Museum  collections  have  been,  and  continue  to  be,  used  extensively  for 
morphological  studies,  but  development  of  techniques  utilizing  the  Polymerase  Chain 
Reaction  (PCR)  have  increased  the  potential  value  of  museum  collections  for  investigating 
genetic  questions.  The  molecular  analysis  of  archival  specimens  can  lend  insight  not  only 
into  evolutionary  or  phylogenetic  investigations  among  taxa,  but  also  for  questions  of  gene 
flow  within  species.  Changes  in  allelic  frequencies  can  be  traced  through  time  or  across 
geographic  areas  (Kocher  1992,  Thomas  1994).  Such  allelic  changes  may  indicate  levels 
of  genetic  variation  within  species,  changes  in  genetic  variation  over  time,  hybridization 
events  between  species,  or  range  expansions  or  contractions.  Museum  specimens  can  also 
supply  genetic  information  for  species  that  have  recently  become  extinct  or  are  currently 
endangered  (Thomas  1994). 

Extracted  DNA  from  fresh  or  frozen  tissue  is  of  considerably  higher  molecular 
weight  compared  to  that  from  preserved  specimens.  Therefore,  genetic  analyses  are  easier 
to  conduct  using  fresh  or  frozen  tissue;  however,  the  use  of  preserved  specimens  is 
preferable  in  many  cases.  Collection  of  fresh  samples  from  rare  species  or  those  with  small 
population  sizes  is  usually  inappropriate  or  impossible.  Many  species  live  in  remote 
habitats  that  are  highly  inaccessible,  and  require  great  expense  for  sample  collection.  The 
use  of  existing  collections  in  these  cases  are  preferable  to  the  acquisition  of  new  specimens 
(France  and  Kocher  1996). 
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Museum  specimens  have  been  subjected  to  variable  handling  and  preservation 
techniques.  The  type  of  preservative  used,  the  speed  with  which  a  sample  is  preserved, 
and  the  subsequent  methods  by  which  a  sample  is  handled  will  have  a  large  effect  on  the 
resulting  condition  of  the  DNA.  The  handling  will  determine,  in  part,  the  utility  of  a 
specimen  for  a  given  research  question.  Cryogenic  preservation  is  often  preferable  for 
genetic  studies  as  liquid  nitrogen  maximizes  DNA  extraction  yields.  Liquid  nitrogen, 
however,  was  not  available  historically,  and  currently  is  not  always  available  in  all  localities 
or  field  conditions.  A  number  of  alternative  preservation  techniques  have  been  employed, 
including  drying,  the  use  of  various  alcohols,  formaldehyde,  mannitol-sucrose  buffer  with 
EDTA,  and  guanidine  hydrochloride  (Dessauer  et  al.  1996). 

Most  museum  specimens  have  been  dried  or  preserved  in  formalin  and  the  latter 
transferred  to  ethanol  for  long-term  storage.  Formalin  preservation  cross-links  molecules 
of  proteins  and  nucleic  acids  to  themselves  and  to  each  other  (Fox  et  al.  1985). 
Hydroxymethyl  groups  are  also  formed  on  the  DNA  molecules  (Chang  and  Loew  1994). 
The  tight  crosslinking  of  DNA  to  proteins  is  problematic  for  DNA  extraction  procedures,  as 
much  of  the  DNA  is  thereby  lost  into  the  organic  phase  of  the  phenol  extraction  procedure 
(Shedlock  et  al.  1997).  The  methylation  can  interfere  with  PCR  replication  by  impeding 
primer  annealing  as  well  as  derailing  the  DNA  polymerase  during  the  extension  phase 
(Karlsen  et  al.  1994).  Protocols  have  been  developed  for  successfully  obtaining  sequence 
from  formalin-preserved  specimens,  in  which  the  preserved  specimen  is  soaked  in  buffer 
followed  by  extended  periods  of  digestion  with  proteinase  K  which  permits  the  DNA  to 
dissociate  from  the  protein  complexes.  PCR  replication  of  formalin-fixed  tissues  remains 
difficult,  however,  and  PCR  amplification  is  only  possible  for  short  (i.e.  50-300  bp,  and 
rarely  500-600  bp)  stretches  of  formalin-fixed  DNA  (France  and  Kocher  1996;  Shedlock  et 
al.  1997). 
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Museum  collections  of  octocoral  specimens  are  unusual  in  that  they  are  often 
preserved  initially  in  ethanol  rather  than  formalin,  because  formalin  dissolves  the  calcareous 
spicules  that  are  used  in  species  identification.  The  decreased  likelihood  of  the  use  of 
formalin  in  the  preservation  and  storage  of  octocorals  increases  the  feasibility  of  the  DNA 
isolation  process  greatly.  The  extraction  of  DNA  from  recently  (i.e.  a  few  months  or  years) 
ethanol-preserved  specimens  is  now  practiced  routinely  in  a  number  of  laboratories  (e.g. 
Smith  et  al.  1987;  Kawasaki  1990;  Meyer  et  al.  1990;  Wheeler  et  al.  1993).  Unlike 
formalin,  ethanol  does  not  cross-link  proteins,  but  it  is  less  efficient  as  a  tissue 
preservative.  Several  studies  have  documented  the  degradation  of  DNA  over  time  in 
ethanol-preserved  specimens  (e.g.  Post  et  al.  1993;  Flournoy  et  al.  1996).  Specimens 
stored  in  ethanol  at  lower  temperatures  tend  to  preserve  better  (Post  et  al.  1993;  Hoss  et  al. 
1996),  and  PCR  amplifications  of  shorter  lengths  of  DNA  are  typically  more  successful 
than  longer  lengths  in  older  samples.  Very  few  studies  have  been  published  based  on 
obtaining  genetic  information  from  specimens  preserved  in  ethanol  for  longer  than  a  few 
years. 

Genetic  analyses  of  long-preserved  specimens  have  inherent  difficulties,  due  to  the 
slow  degradation  of  DNA  in  the  presence  of  a  fixative.  The  DNA  damage  that  occurs  in 
preserved  samples  is  primarily  due  to  oxidation  and  hydrolysis  (Lindahl  1993).  The 
damage  that  is  the  most  detrimental  to  the  performance  of  genetic  analyses  includes 
modifications  to  the  pyrimidines,  cross-linking  between  molecules,  and  missing  bases 
(Paabo  1989).  Oxidative  modifications  to  purines,  however,  do  not  seem  to  affect  the 
ability  to  generate  sequences  from  preserved  materials  (Hoss  et  al.  1996).  These  types  of 
modifications  will  particularly  hinder  the  successful  direct  cloning  of  ancient  DNA,  because 
damaged  DNA  will  not  be  copied  by  the  bacterial  replicative  process.  In  the  event  that 
cloning  is  successful,  however,  often  the  bacterial  replication  process  will  repair  any 
•  damage  it  perceives,  thereby  introducing  error  into  the  sequence  (Paabo  et  al.  1989). 
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PCR  is  also  hindered  by  damaged  DNA,  but  offers  two  unique  advantages  when 
working  with  ancient  DNA.  First,  the  PCR  will  preferentially  amplify  the  DNA  molecules 
that  remain  intact,  because  the  DNA  polymerase  will  move  more  slowly  over  damaged 
regions  (Paabo  et  al.  1989).  Additionally,  any  modified  DNA  strand  that  is  replicated  will 
be  unlikely  to  have  a  sizable  effect  on  the  resulting  genetic  sequence  unless  it  is  replicated 
early  in  the  PCR  process.  If  a  damaged  strand  does  get  replicated  early  on,  however,  the 
genetic  sequence  that  results  will  be  influenced  more  substantially  by  those  damaged 
regions. 

Another  difficulty  in  using  archival  specimens  for  genetic  analysis  is  the  increased 
possibility  that  contaminating  DNA  will  amplify  rather  than  the  target  DNA,  which  may  be 
degraded  and  in  low  concentrations  (Paabo  1990).  The  amplification  of  contaminating 
DNA  is  rarely  a  significant  problem  when  using  fresh  or  frozen  tissue,  as  fresh  DNA 
extractions  yield  large  quantities  of  non-degraded  DNA,  and  concentration  of  the  target 
DNA  usually  far  exceeds  any  that  of  any  contaminating  DNA.  Museum  specimens  may 
contain  trace  DNA  not  only  from  symbionts  or  epibionts,  fungi  and  bacteria,  which  can  be 
introduced  both  before  or  after  preservation.  Contaminating  DNA  of  modem  origin  will 
likely  be  less  degraded  than  the  ancient  target  DNA,  and  may  be  more  readily  amplified  in 
the  PCR  process.  Even  if  the  contaminating  DNA  is  degraded,  there  is  still  a  chance  it  will 
be  amplified  instead  of,  or  along  with,  the  target  DNA.  Extreme  caution  must  be  taken 
when  working  with  archival  specimens  to  avoid  amplifying  contaminant  DNA.  One 
method  which  can  be  effective  in  eliminating  the  amplification  of  contaminating  DNA  is  the 
use  of  taxon-specific  PCR  primers.  Specific  primers  are  designed  using  regions  of  the 
target  DNA  that  are  characteristic  of  the  target  but  not  of  potential  contaminants.  A  well- 
designed  specific  primer  will  preferentially  amplify  the  target  DNA  to  the  exclusion  of 
extraneous  DNA. 
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Complete  sequences  for  the  18S  rRNA  gene  were  desired  for  a  companion  study  on 
the  phylogeny  of  the  Class  Anthozoa,  and  in  particular  the  Subclass  Octocorallia  (Bemtson 
et  al.  in  prep).  Because  many  of  the  specimens  for  this  study  had  been  preserved  for  up  to 
fifty  years  and  their  DNA  was  potentially  highly  degraded,  standard  DNA  extraction  and 
PCR  techniques  proved  unsuccessful.  Museum  collections  were  essential  to  this 
phylogeny  project  as  many  octocoral  species,  including  entire  families,  are  found 
exclusively  in  the  deep  sea.  Fresh  specimens  of  these  species  are  accessible  only  by 
submersibles  or  dredging,  and  it  was  not  feasible  to  collect  new  specimens  of  all  the 
necessary  species. 

There  were  two  primary  goals  of  this  study:  1 )  to  develop  a  technique  for  the 
isolation  of  DNA  from  preserved  material,  yielding  as  large  quantities  of  nondegraded 
DNA  as  possible,  and  2)  to  PCR  amplify  the  18S  rRNA  gene  from  the  isolated  genomic 
DNA  in  fragments  greater  than  500  bp  in  length,  with  the  ultimate  purpose  of  determining 
the  DNA  sequence  of  the  complete  18S  rRNA  gene  from  the  preserved  octocoral 
specimens.  The  use  of  a  modified  DNA  extraction  protocol  combined  with  taxon-specific 
PCR  primers  described  herein  have  allowed  us  to  accomplish  these  goals. 

Methods 

Specimens 

Specimens  for  this  study  were  acquired  from  Dr.  Frederick  Bayer  of  the  National 
Museum  of  Natural  FQstory,  Dr.  Wolfgang  Sterrer  of  the  Bermuda  Aquarium,  Natural 
History  Museum  and  Zoo,  and  Ardis  Johnston  of  the  Harvard  Museum  for  Comparative 
Zoology.  These  specimens  had  been  stored  in  ethanol  for  periods  ranging  from  two  to  50 
years. 
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DNA  Extraction  Protocol 


The  extraction  protocols  I  used  was  similar  to  those  described  by  Coffroth  et  al. 
(1992)  and  Winnepenninckx  et  al.  (1993).  My  deviations  from  their  protocols  consisted 
primarily  of  a  lower  temperature  and  longer  duration  for  the  proteinase  K  digestion.  The 
extraction  buffer  included  1.4M  NaCl,  0.02M  EDTA,  O.IM  Tris-HCl  (pH  8.0),  2% 
cetyltrimethylammonium  bromide  (CTAB)  (Sigma  Chemical  Co.),  and  0.2%  beta- 
mercaptoethanol  (Sigma  Chemical  Co.).  This  buffer  is  particularly  effective  at  removing 
polysaccharides  that  are  abundant  in  coral  tissues,  and  which  can  interfere  with  DNA 
extraction.  General  CTAB-based  protocols  have  been  described  for  use  with  a  variety  of 
invertebrate  taxa,  including  algae,  molluscs,  ctenophores,  and  brachiopods  (Karl  and 
Bailiff  1989;  Shivji,  Rogers  et  al.  1992;  Winnepenninckx,  Backeljau  et  al.  1993). 

Five  to  ten  polyps  of  the  ethanol-preserved  octocorals  were  placed  on  ice  in  two  to 
ten  mis  2X  CTAB  buffer  for  two  to  24  hours,  with  the  buffer  replaced  several  times  during 
this  period.  The  buffer  was  removed,  and  the  tissue  minced  finely  with  a  razor  blade  and 
placed  in  a  1 .5-ml  eppendorf  tube  with  300  p,l  of  2X  CTAB  buffer.  A  plastic  dounce  was 
employed  to  further  shear  the  tissue,  and  an  additional  300  p,l  of  2X  CTAB  was  added. 

The  samples  were  placed  at  55°C  and  digested  with  5  p,l  of  proteinase  K  (at  20  mg/ml)  for 
approximately  24  hours,  with  periodic  agitation.  Another  5  p,l  of  proteinase  K  was  added, 
and  the  tissues  continued  to  digest  for  an  additional  eight  to  twelve  hours.  The  tissues  were 
extracted  once  with  an  equal  volume  of  24:1  chloroformrisoamyl  alcohol,  and  precipitated 
in  two  volumes  of  cold  95%  ethanol  at  -20°C  overnight.  The  tubes  were  centrifuged  at 
10,000xg  for  30  minutes,  and  the  ethanol  was  removed.  The  pellets  were  washed  with 
500  |i,l  cold  70%  ethanol,  and  the  tubes  were  centrifuged  at  7,000xg  for  15  minutes.  The 
ethanol  was  removed,  and  the  pellets  dried  at  room  temperature.  The  pellets  were 
resuspended  in  50  p,l  of  TE  buffer  and  placed  at  4°C  for  three  to  four  hours  before 
visualization  on  an  agarose  gel. 
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DNA  Amplification  Protocols 

Pipet  tips  with  a  filter  barrier  were  used  throughout  this  process  to  guard  against 
contamination  of  the  reactions.  Negative  controls  were  included  during  the  DNA 
extractions  and  PCR  reactions  to  detect  contamination  if  it  did  occur.  Each  extracted  DNA 
sample  was  diluted  1:10  in  TE  buffer  (10  mM  Tris-HCl— pH  8.0,  1  mM  EDTA~pH  8.0), 
and  2  p,l  of  that  dilution  was  used  in  a  50-^1  PCR  reaction.  Modified  versions  of  the 
universal  eukaryotic  primers  A  and  B  from  Medlin  et  al.  (1988)  (Table  1)  were  used  in  the 
initial  DNA  amplifications  of  the  18S  rRNA  gene.  These  primers  amplify  the  entire 
anthozoan  nuclear  18S  rRNA  gene,  a  fragment  which  we  found  to  be  approximately  1800 
bp  in  length  in  anthozoans.  Thirty-five  cycles  of  PCR  were  carried  out  in  a  Perkin-Elmer 
Thermocycler  480.  The  DNA  was  denatured  at  94°C  for  45  seconds,  the  primers  and 
template  were  annealed  at  55°C  for  one  minute,  and  the  original  DNA  strand  was  extended 
at  72°C  for  90  seconds.  These  cycles  were  followed  by  a  five-minute  extension  at  72°C. 
The  product  was  run  on  a  1%  agarose  gel.  If  there  was  a  visible  product,  that  product  was 
prepared  for  TA-cloning. 

For  those  specimens  with  no  visible  product,  a  second  PCR  reaction  was  conducted 
using  1  |xl  of  product  from  the  initial  PCR  reaction  as  the  template.  The  amplified  negative 
control  (no  DNA  was  added)  from  the  initial  PCR  reaction  was  included  in  the  second 
reaction  as  well,  using  1  p.1  of  the  original  negative  control  as  template.  The  primers  used 
for  the  second  PCR  reaction  were  chosen  from  those  listed  in  Table  1,  with  at  least  one 
primer  falling  internally  to  the  initial  A  and  B  primers.  The  internal  primers  were  selected 
from  a  combination  of  universal  eukaryotic  primers  and  a  set  of  octocoral-specific  primers 
that  were  designed  by  us  (Table  1).  The  octocoral-specific  primers  were  designed  to 
amplify  anthozoan  DNA,  but  not  DNA  from  potential  contaminants.  The  octocoral-specific 
primers  were  designed  from  alignments  of  Genbank  sequences  of  actiniarians  {Anemonia 
sulcata,  Genbank  accession  #X53498,  and  Anthopleura  kurogane,  accession  #Z21671), 
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Table  1  PCR  primers  used  for  primary  and  secondary  amplifications  of 
DNA  from  octocoral  specimens.  The  octocoral-speciflc 
primers  were  designed  for  phylogenetic  studies  of  the  Subclass 
Octocorallia  (described  in  Berntson  et  al.  in  prep.).  Primer 
numbers  refer  to  position  in  prokaryotic  small-subunit 
ribosomal  DNA. 
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two  fungi  {Cryptococcus  neoformans,  accession  #L05428,  and  Bullera  unica,  accession 
#D78330),  potential  epibionts  from  Mollusca  and  Cmstacea  {Mytilus  galloprovincialis, 
accession  #L33451,  and  Stenocypris  major,  accession  #Z22850),  and  a  zooxanthella 
symbiont  {Symbiodinium  sp.,  accession  #M88509).  Octocoral  sequences  derived  from 
frozen  tissue  in  this  lab  (Renilla  reniformis  accession  #AF052581,  Narella  nuttingi 
accession  #AF052882,  md  Anthomastus  sp.  accession  #AF052881)  were  verified  as 
cnidarian  through  a  BLAST  search  of  GenBank  and  were  also  used  in  the  primer  design. 
Final  DNA  sequences  were  verified  as  cnidarian  by  a  BLAST  search  of  Genbank. 

The  specific  primer  pair  combinations  were  selected  to  1)  amplify  the  largest  region 
of  the  18S  gene  possible  for  each  specimen,  and  2)  include  at  least  one  octocoral-specific 
primer  for  one  of  the  PCR  reactions,  reducing  the  probability  of  amplifying  contaminating 
DNA.  A  diagram  of  the  PCR  primers  used  can  be  found  in  Fig.  1.  If  the  initial  PCR 
attempts  were  unsuccessful  using  primers  A  and  B,  a  reamplification  using  internal  primers 
was  performed.  If  this  was  unsuccessful  as  well,  I  began  anew  with  the  initial  1:10  diluted 
DNA  extract,  and  used  PCR  primers  flanking  a  smaller  genomic  region.  For  example,  an 
initial  amplification  would  target  the  region  flanked  by  primers  A  and  705R,  and  then  the 
re-amplification  would  use  primers  A  and  536R.  The  smallest  fragment  attempted  for  DNA 
sequence  determination  was  approximately  one  third  of  the  entire  gene. 

DNA  Cloning  and  Sequencing  Protocols 

The  final  PCR  product  was  cloned  using  the  Original  TA  Cloning  Kit  (Invitrogen 
Corporation).  The  PCR  product  was  ligated  into  the  pCR  2.1  cloning  vector,  then 
transformed  into  a  strain  of  INVocF’  cells  following  the  manufacturer’s  protocol.  The 
plasmid  DNA  was  isolated  from  individual  clones  using  the  Wizard  Miniprep  DNA 
Purification  Kit  (Promega  Corporation)  and  subsequently  used  as  a  template  for  a  cycle 
sequencing  reaction,  using  the  SequiTherm  EXCEL  Long-Read  DNA  Sequencing  Kit-LC 
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Fig.  1  Position  and  orientation  of  18S  rDNA  primers  used  in  PCR 
amplifications. 
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(Epicentre  Technologies).  Sequences  were  determined  for  both  the  forward  and  reverse 
strands  of  the  gene.  The  reactions  were  run  on  a  LI-COR  4000  DNA  Sequencer,  using  the 
infrared-labeled  primers  shown  in  Table  2.  The  resulting  images  were  interpreted  using  the 
Biolmage  gel  reader  program. 

Negative  Controls 

I  performed  several  controls  throughout  my  work  to  detect  any  potential 
contamination.  A  negative  extraction  (no  tissue  added)  was  performed  with  the  DNA 
extraction  protocol.  Negative  controls  (no  DNA  template  added)  were  included  with  each 
primary  and  secondary  PCR  reaction.  As  one  additional  control,  one  frozen  specimen  and 
one  ethanol-preserved  specimen  were  chosen  for  re-extraction  and  re-determination  of  the 
DNA  sequence  to  verify  our  ability  to  replicate  the  complete  process.  In  each  case,  I  found 
very  good  internal  consistency.  There  were  no  sequence  differences  between  the  replicates 
for  the  frozen  specimen  {Protoptilum  sp.),  and  there  was  a  0.1 1%  error  rate,  corresponding 
to  2  base  changes  over  1800  bp  total  for  the  ethanol-preserved  specimen  (Umbellula  sp. 
USNM  54597)  (Table  4). 

Results 

DNA  extractions  from  tissues  of  ethanol-preserved  museum  specimens  typically 
yielded  small  amounts  of  DNA  that  could  rarely  be  detected  on  an  agarose  gel  (Fig.  2,  lanes 
4  and  5).  If  DNA  could  be  detected,  it  was  of  lower  molecular  weight  than  extractions  of 
fresh  tissue  (Fig.  2,  lane  3).  My  initial  PCR  amplification  of  the  1800-bp  18S  rRNA  gene 
from  these  extractions  likewise  did  not  yield  visible  product  in  the  majority  of  museum 
specimens  I  examined.  In  some  instances  I  was  successful  in  amplifying  smaller  fragments 
(700-1200  bp)  in  a  single  PCR  amplification.  For  the  remainder  of  specimens  for  which  a 
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Fig.  2  Products  of  DNA  extractions  of  museum  specimens,  initial  PCR 
reactions,  and  secondary  PCR  reactions.  Lanes  are  as  follows: 
1)  blank;  2)  1-Kb  ladder  (Gibco  BRL);  3)  5  |il  of  Palythoa 
variabilis  DNA  extraction,  tissue  frozeu;  4)  5  |i,l  of 
Dendrobrachia  paucispina  DNA  extraction,  tissue  preserved  in 
ethanol  8  years;  5)  5  pi  of  Nidalia  occidentalis  DNA  extraction, 
tissue  preserved  in  ethanol  13  years;  6)  Initial  PCR  reaction  of 
Palythoa  variabilis  with  primers  A  and  B;  7)  Initial  PCR 
reaction  of  D.  paucispina  with  primers  A  and  B;  8)  Initial  PCR 
reaction  of  N.  occidentalis  with  primers  A  and  B; 

9)  Secondary  PCR  reaction  of  D.  paucispina  with  primers  A 
and  1200R;  10)  Secondary  PCR  reaction  of  N.  occidentalis  with 
primers  A  and  1200R;  11)  Secondary  PCR  reaction  of  negative 
control  from  primary  PCR  reaction,  with  primers  A  and 
1200R;  12)  Negative  control  from  secondary  PCR  reaction  with 
primers  A  and  1200R;  13)  1-Kb  ladder  (Gibco  BRL); 

14)  blank. 
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single  PCR  reaction  was  unsuccessful,  I  performed  a  second  PCR  reaction  using  internal 
primers  and  the  first  PCR  product  as  template  (Fig.  2).  The  smallest  fragment  size  I  chose 
to  amplify  ranged  from  500  to  700  bp. 

The  quality  of  DNA  extracted  from  different  museum  specimens  was  evaluated 
based  on  the  intensity  of  the  DNA  fragment  as  visualized  on  an  agarose  gel  stained  with 
ethidium  bromide.  This  quality  was  highly  variable,  with  no  apparent  correlation  between 
the  length  of  PCR  product  produced  and  the  length  of  preservation  time.  I  amplified  700- 
bp  fragments  from  one  specimen  that  had  been  preserved  for  50  years,  but  was  unable  to 
amplify  the  same  fragment  from  a  specimen  that  had  been  preserved  for  nine  years.  Table 
3  summarizes  the  results  of  DNA  extractions  and  amplifications  from  the  museum 
specimens.  I  did  not  perform  PCR  reamplifications  on  all  samples,  as  I  concentrated  on 
those  species  I  deemed  phylogenetically  important  for  our  objectives.  Archival  specimens 
of  those  species  for  which  fresh  or  recently  preserved  tissue  became  available  were 
abandoned  if  PCR  products  were  not  readily  produced.  The  variable  success  rate  that  I 
experienced  in  producing  PCR  products  may  have  resulted  from  inconsistent  handling  of 
the  specimens  at  the  time  of  collection.  This  inconsistency  may  include  preservation  in 
formalin  with  subsequent  transfer  to  alcohol.  Such  information  is  not  always  available  for 
museum  specimens. 

I  noted  occasional  nucleotide  sequence  variation  within  an  individual  specimen, 
both  in  overlapping  regions  of  fragments  produced  in  different  PCR  reactions  and  in 
pooled  clones  from  the  same  PCR  reaction.  These  base  differences  were  found  in  most, 
but  not  in  every  one  of  the  museum  specimens  (13  out  of  15).  The  base  differences  I 
found  consisted  of  simple  substitutions,  with  only  one  instance  of  an  insertion  (four  bp  in 
Dendrobrachia  paucispina).  The  resulting  error  was  low  (Table  4),  usually  less  than  1%. 
This  rate  of  error  would  apply  to  the  remainder  of  the  gene  proportionally,  not  just  to  the 
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Table  3  Summary  of  results  from  all  museum  specimens.  Specimens 
are  from  the  National  Museum  of  Natural  History  collections 
unless  otherwise  noted.  Those  specimens  for  which  DNA 
sequences  were  generated  are  listed  with  the  primer  pairs  used 
for  the  amplification  reactions.  Multiple  primer  pairs  were 
used  for  those  specimens  that  could  not  be  amplified  in  one 
piece.  If  contaminant  sequences  were  generated,  the  type  of 
contaminant  is  identifled.  Specimens  that  yielded  only 
contaminant  sequences  are  noted  with  an  asterisk.  The 
specimens  that  did  not  generate  sequences  are  also  listed. 

PCR  reampliflcations  were  not  attempted  on  all  specimens  as  I 
concentrated  on  those  species  of  greatest  phylogenetic 
importance  to  my  study.  The  most  stringent  attempt  made  for 
each  specimen  is  noted. 

a:  Harvard  Museum  of  Comparative  Zoology 

b:  Bermuda  Aquarium,  Natural  History  Museum  and  Zoo 

c:  Specimen  was  dried. 

d:  Specimen  was  abandoned  when  alternate  specimens 

became  available. 

e:  Sequence  produced  was  a  pseudogene  or  chimera. 
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Cnidarian 

Date  Sequences  Initial  PCR 

_ Species _ Specimen  # _ Preserved _ Generated _ Amplifications _ PCR  Reampllficatlons _ Contaminant  Found 

Tubipora  musica  USNM  79459  1947  yes  A/536R,  514F/1055R  Not  Required  (N/R)  algal 
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Cnidarian 

Date  Sequences  Initial  PCR  PCR  Reamplifications 

_ Species _ Specimen  #  Preserved _ Generated _ Amplifications _ Required _ Contaminant  Found 

Xenia  sp. _ USNM  79620 _ 1978 _ no _ A/536R _ 

Leptoaoraia  viraulata _ USNM  88494 _ 1981 _ no^ _ _ _ fungal/plant _ 
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Table  4  Error  rates  found  in  sequences  of  museum  specimens,  as  seen 
in  the  pooling  of  multiple  clones  from  the  same  PCR  reaction, 
and  overlapping  fragments  produced  from  different  PCR 
reactions.  (Note:  the  forward  and  reverse  strands  of  a  single 
clone  and  a  single  fragment  showed  no  sequence  differences.) 
The  species  listed  here  are  the  only  museum  specimens  for 
which  there  were  overlapping  regions  or  pooled  clones. 

a:  Error  rate  within  a  single  PCR  reaction  as  detected  from 

pooling  multiple  clones. 

b:  Error  rate  between  PCR  reactions  as  detected  in 

fragments  shared  by  overlapping  clones. 
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regions  containing  these  overlaps.  The  one  sequence  that  showed  a  high  rate  of  PCR  error 
(5.88%  in  Siphonogorgia  sp.)  was  not  used  in  subsequent  phylogenetic  analyses. 

Several  initial  attempts  at  obtaining  DNA  sequences  from  museum  specimens  using 
universal  eukaryotic  primers  yielded  non-cnidarian  sequences  as  indicated  through  BLAST 
searches.  The  contaminant  sequences  generated  were  of  the  algal  symbiont  Symbiodinium 
sp.  and  other  algal  species,  various  fungi,  and  occasionally  bivalve  mollusks  and 
cmstaceans.  These  species  were  potential  symbionts  or  epibionts  of  the  coral  specimens 
we  were  analyzing.  The  use  of  taxon-specific  PCR  primers  eliminated  the  amplification  of 
contaminant  DNA  completely. 

Discussion 

The  protocol  outlined  here  has  been  successful  for  generating  sequence  information 
from  museum  specimens  preserved  up  to  fifty  years.  Most  genomic  DNA  extractions  from 
ethanol-preserved  specimens  were  partially  degraded,  and  two  rounds  of  PCR 
amplifications  were  required  to  generate  sufficient  PCR  product  for  further  analyses.  The 
probability  of  obtaining  DNA  sequences  from  contaminant  DNA  rather  than  target  DNA 
was  significant  without  the  use  of  taxon-specific  primers.  The  problem  of  generating  non- 
Cnidarian  sequences  was  eliminated  when  taxon-specific  primers  were  used  in  at  least  one 
of  the  two  PCR  reactions. 

A  major  concern  I  had  with  the  use  of  archival  specimens  was  the  occasional 
differences  found  in  overlapping  regions  of  sequence  within  the  same  individual.  Tag 
DNA  polymerase  has  an  inherent  rate  of  error  associated  with  it,  which  may  account  for 
some,  if  not  all,  of  the  replication  error  observed.  Two  estimations  of  the  rate  of  error 
connected  with  the  use  of  Taq  polymerase  are  8.0  x  lO'^  (errors  per  base  per  PCR  cycle) 
(Cline  et  al.  1996)  and  2.1  x  10'^  (Keohavong  and  Thilly  1989).  These  error  rates  applied 
to  the  18S  rRNA  gene  of  anthozoans,  translate  to  0.028%-0.735%  error  in  35  replication 
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cycles  over  the  entire  gene.  For  those  specimens  that  were  reamplified,  the  estimated  error 
rate  would  be  0.056%- 1.47%  over  70  replication  cycles.  Only  one  of  the  museum 
specimens  exhibited  error  rates  greater  than  these  (5.88%  for  Siphonogorgia  sp.).  The 
increased  error  rate  for  this  specimens  may  have  been  due  to  the  presence  of  damaged 
DNA.  Although  the  activity  of  DNA  polymerases  is  slowed  by  the  presence  of  damaged 
DNA,  particularly  at  baseless  sites,  minor  lesions  such  as  deaminated  bases  can  produce 
replication  errors  without  slowing  the  replication  process  greatly  (Paabo  1989).  Therefore, 
DNA  with  minor  damage  will  be  amplified  at  the  same  rate  as  undamaged  DNA.  Direct- 
sequencing  of  total  PCR  products  will  reduce  the  influence  of  either  type  of  replication 
error  on  the  final  DNA  sequence,  since  any  errors  introduced  after  all  but  the  first  rounds  of 
PCR  will  be  evident  as  ambiguities  (Hillis  et  al.  1996). 

PCR  amplifications  of  archival,  preserved  specimens  may  not  produce  sufficient 
PCR  product  for  direct-sequencing  techniques,  and  cloning  of  PCR  products  may  be 
necessary.  Since  each  clone  consists  of  a  single  PCR  product  which  may  contain 
replication  errors,  the  potential  for  generating  incorrect  sequences  is  heightened  (Palumbi, 
1996).  This  is  particularly  tme  for  these  archival  specimens  since  two  PCR  amplifications 
were  necessary  for  obtaining  DNA  sequences  from  the  majority  of  these  samples,  thereby 
increasing  the  risk  of  polymerase-introduced  errors.  This  risk  makes  it  particularly 
important  to  pool  several  clones  before  performing  the  DNA  sequencing  reactions;  as  with 
determination  of  sequences  directly  from  PCR  products,  errors  will  be  evident  as 
ambiguities  in  the  sequence  (Medlin  et  al.  1988).  The  overall  rate  of  PCR  error  can  then  be 
determined  for  a  given  specimen.  Depending  on  the  taxonomic  scale  of  phylogenetic 
analysis  being  performed,  the  amount  of  error  found  may  or  may  not  be  significant  in  the 
overall  analyses.  Any  amount  of  error  is  of  concern,  however,  and  one  should  be  aware  of 
the  increased  chance  of  such  errors  when  working  with  preserved  specimens.  This  is 
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especially  true  when  analyzing  gene  flow,  as  the  amount  of  error  may  be  greater  than  the 
genetic  signal  present. 

Protocols  for  extracting  DNA  from  alcohol-preserved  samples  are  readily  available 
in  the  literature  (Smith  et  al.  1987;  Palumbi  et  al.  1991),  however,  very  few  studies  have 
been  published  to  date  using  archival  ethanol-fixed  specimens.  The  Smith  et  al.  (1987) 
protocol  did  not  use  samples  that  had  been  preserved  longer  than  six  years.  One  notable 
study  that  used  older  ethanol-preserved  specimens,  however,  was  Persing  et  al.'s  (1990) 
discovery  of  the  presence  of  spirochete  DNA  responsible  for  Lyme  disease  in  ticks  that  had 
been  preserved  for  nearly  50  years.  These  ticks  had  been  collected  30  years  prior  to  the 
first  documentation  of  the  disease  in  the  United  States.  Persing  et  al.  (1990)  were 
amplifying  very  small  regions  of  the  mitochondrial  genome,  however,  ranging  from  77- 
200  bp.  Fragments  this  small  are  sufficient  for  the  detection  of  the  Lyme  Disease 
spirochete  genome,  but  are  too  small  for  reliable  large-scale  phylogenetic  studies.  The 
protocol  described  here  allows  the  generation  of  larger  genomic  fragments,  which  will  be 
useful  in  studies  involving  phylogenetics  and  gene  flow,  among  others. 

The  phylogenetic  analysis  of  octocoral  species  is  only  one  of  a  vast  number  of 
studies  that  can  benefit  from  molecular  techniques  as  applied  to  archival  specimens.  I 
submit  here  a  method  that  has  been  successful  in  generating  relatively  large  PCR  fragments 
of  DNA  from  archival,  long-preserved  octocoral  specimens.  There  are  some  general 
concerns  when  working  with  museum  specimens,  however.  My  success  rate  from  sample 
to  sample  was  highly  variable,  and  I  did  see  a  small  but  measurable  incidence  of  PCR- 
induced  sequence  error.  One  is  also  more  likely  to  encounter  the  effects  of  background 
contamination  in  the  samples  when  working  with  older  specimens.  Despite  such 
difficulties,  the  use  of  protocols  such  as  the  one  outlined  above  can  facilitate  the  generation 
of  valuable  genetic  information  from  preserved  museum  specimens. 
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Chapter  3 


Phylogenetic  Relationships  within  the  Class  Anthozoa  (Phylum 
Cnidaria)  Based  on  Nuclear  18S  rDNA  Sequence  Information 
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Abstract 

Taxonomic  relationships  within  the  corals  and  anemones  (Phylum  Cnidaria;  Class 
Anthozoa)  are  based  upon  few  morphological  characters:  colony  morphology  and  the 
structure  of  the  tentacles,  gastric  mesenteries,  nematocysts,  and  skeletal  axis.  The 
significance  of  any  given  character  is  debatable,  and  there  is  little  fossil  record  available  for 
deriving  evolutionary  relationships.  In  this  study  I  use  complete  sequences  of  18S 
ribosomal  DNA  to  examine  subclass-level  and  ordinal-level  organization  within  the 
Anthozoa.  I  investigate  whether  the  traditional  two-subclass  system  (Octocorallia, 
Hexacorallia)  or  the  current  three-subclass  system  (Octocorallia,  Hexacorallia, 
Ceriantipatharia)  is  better  supported  by  sequence  information.  I  also  examine  the 
phylogenetic  affinities  of  the  anemone-like  species  Dactylanthus  antarcticus  (Order 
Ptychodactiaria)  and  the  putative  antipatharian  Dendrobrachia  paucispina.  Thirty-eight 
species  were  chosen  to  maximize  the  representation  of  morphological  diversity  within  the 
Anthozoa.  Maximum  likelihood  techniques  were  employed  in  the  analyses  of  these  data, 
using  relevant  models  of  evolution  for  the  18S  rRNA  gene.  I  conclude  that  placing  the 
orders  Antipatharia  and  Ceriantharia  into  the  Subclass  Ceriantipatharia  does  not  reflect  the 
evolutionary  history  of  these  orders.  The  Order  Antipatharia  is  closely  related  to  the  Order 
Zoanthidea  within  the  Hexacorallia  and  the  Order  Ceriantharia  appears  to  branch  early 
within  the  Anthozoa,  but  the  affinities  of  the  Ceriantharia  cannot  be  reliably  established 
from  these  data.  My  data  generally  support  the  two-subclass  system,  although  the 
Ceriantharia  may  constitute  a  third  subclass  on  their  own.  The  Order  Corallimorpharia  is 
likely  polyphyletic,  and  its  species  are  closely  related  to  the  Order  Scleractinia. 
Dactylanthus,  also  within  the  Hexacorallia,  is  allied  with  the  anemones  in  the  Order 
Actiniaria,  and  their  current  ordinal-level  designation  does  not  appear  to  be  justified.  The 
genus  Dendrobrachia,  originally  classified  within  the  Order  Antipatharia,  is  closer 
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phylogenetically  to  the  Subclass  Octocorallia.  The  18S  rRNA  gene  may  be  insufficient  for 
establishing  concrete  phylogenetic  hypotheses  concerning  the  specific  relationships  of  the 
Corallimorpharia  and  the  Ceriantharia,  and  the  branching  sequence  for  the  orders  within  the 
Hexacorallia.  The  18S  rRNA  gene  has  sufficient  phylogenetic  signal,  however,  to 
distinguish  among  the  major  groupings  within  the  Class  Anthozoa,  and  I  can  use  this 
information  to  suggest  relationships  for  several  enigmatic  taxa. 


Introduction 

The  development  of  taxonomic  systems  through  traditional,  morphological  methods 
can  be  problematic  when  the  species  involved  have  few  distinguishing  characters.  This  is 
true  for  species  within  the  Class  Anthozoa  (Phylum  Cnidaria).  The  Class  Anthozoa, 
containing  the  stony  corals,  soft  corals,  anemones  and  other  anemone-like  species,  retain 
their  polyp  morphology  throughout  their  life  history,  and  lack  the  medusa  stage  found 
commonly  in  the  other  classes  of  the  phylum.  The  primaiy  characters  that  have  been  used 
to  derive  evolutionary  relationships  within  the  Anthozoa  include  colony  morphology  and 
life  history,  tentacle  shape  and  number,  the  number  and  arrangement  of  divisions  within  the 
gastrovascular  cavity  (termed  mesenteries  or  septa),  nematocyst  structure,  and  skeletal 
stmcture.  The  various  taxonomic  arrangements  have  arisen  from  differing  interpretations 
of  the  significance  of  these  characters  (e.g.  Wells  &  Hill  1956a,  Hadzi  1963,  discussed 
below).  As  many  Anthozoa  lack  any  type  of  skeletal  stmcture,  there  is  little  fossil  record  to 
indicate  evolutionary  relationships  among  the  major  groups  of  anthozoans. 

The  validity  of  the  subclass  divisions  within  the  Anthozoa  has  been  a  subject  for 
debate  by  taxonomists  of  both  past  and  present  times.  The  historical  subclass  divisions 
within  the  Class  Anthozoa  indicate  two  major  groupings,  the  Subclass  Octocorallia  and  the 
Subclass  Hexacorallia  (e.g.  Minchin  et  al.  1900,  Pratt  1935,  Hyman  1956,  Hadzi  1963). 
The  Subclass  Octocorallia  is  composed  of  the  soft  corals,  gorgonians,  blue  corals,  and  sea 
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pens.  Octocorals  are  distinguished  by  their  possession  of  eight  pinnately  branched 
tentacles  and  eight  complete  mesenteries.  Their  skeletons  may  contain  separate  or  fused 
calcium  carbonate  spicules,  and  axes  of  calcium  carbonate  or  chitin  or  both,  and  they  may 
be  solitary  or  colonial  (Bayer  1956,  Wells  &  Hill  1956a).  The  Subclass  Hexacorallia,  in  its 
early  definition,  contained  the  remaining  anthozoan  species;  the  Actiniaria  (anemones), 
Corallimorpharia,  Zoanthidea,  Scleractinia  (stony  corals),  Antipatharia  (black  corals),  and 
Ceriantharia  (cerianthid  anemones).  The  subclass  was  defined  by  the  following 
characteristics:  tentacles  simple  or  divided,  but  never  branched;  paired  mesenteries,  usually 
in  multiples  of  six;  skeleton,  if  present,  without  free  spicules  in  the  mesoglea.  Hexacorals 
include  both  solitary  or  colonial  forms. 

A  third  subclass  division  was  proposed  as  early  as  1897,  although  it  wasn't  widely 
accepted  until  the  1950's  or  1960's.  The  orders  Antipatharia  and  Ceriantharia  were 
removed  from  the  Subclass  Hexacorallia  and  placed  in  a  new  subclass,  the  Ceriantipatharia. 
The  establishment  of  the  Subclass  Ceriantipatharia  was  based  primarily  on  two  shared 
characters  between  the  orders  Ceriantharia  and  Antipatharia:  1)  the  resemblance  of  the 
cerianthid  larva  to  the  antipatharian  adult  polyp,  and  2)  weak  and  indefinite  musculature 
aissociated  with  the  mesenteries  (van  Beneden  1897).  Aside  from  the  above  characters, 
these  two  orders  are  considered  highly  divergent  from  each  other  (Wells  &  Hill  1956b). 

The  Ceriantharia  have  a  unique  morphology  which  distinguishes  them  from  the  other 
Anthozoa.  They  have  two  rings  of  tentacles,  and  numerous,  mostly  complete,  unpaired 
mesenteries  (Hyman  1956).  They  possess  a  unique  form  of  spirocysts  (ptychocysts)  not 
present  in  any  other  order  within  the  class  (Fautin  &  Mariscal  1991,  Rifkin  1991,  Goldberg 
&  Taylor  1996).  The  Ceriantharia  have  been  designated  as  most  primitive  within  the 
Hexacorallia,  most  deeply  diverging  (Hyman  1940). 

The  Antipatharia,  placed  with  the  Ceriantharia  in  the  Subclass  Ceriantipatharia,  have 
■  been  considered  to  be  ancestral  with  the  cerianthids  (Wells  &  Hill  1956a)  or  highly  derived 
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(recently  divergent)  hexacorals  (Brook  1889,  Hickson  1906,  Hadzi  1963).  Morphological 
characters  suggest  affinities  among  the  Antipatharia,  Zoanthidea  and  Actiniaria.  All  three 
orders  share  a  type  of  nematocyst,  a  microbasic  b-mastigophore,  which  is  rare  or  absent  in 
the  other  orders  of  the  Anthozoa  (Picken  &  Skaer  1966).  Antipatharians,  zoanthids,  and 
the  Subtribe  Endomyaria  of  the  Actiniaria  share  a  common  sperm  morphology,  which  is 
not  found  in  the  other  anthozoans.  The  Antipatharia  and  the  Zoanthidea  also  share 
similarities  in  nematocyst  structure  and  skeletal  composition  (Schmidt  1974),  and  are 
thought  by  some  to  be  highly  specialized  hexacorals  (Hadzi  1963). 

Molecular  studies  using  mitochondrial  16S  rDNA  (France  et  al.  1996)  and  18S 
rDNA  (Song  &  Won  1997)  have  shown  that  the  orders  Antipatharia  and  Ceriantharia  are 
genetically  divergent  from  one  another,  and  are  not  sister  orders.  The  results  of  these 
studies  disagreed  on  the  positions  of  the  Ceriantharia  and  Antipatharia  relative  to  the  other 
Anthozoa,  however  (Fig.  1).  A  study  using  28S  rDNA  (Chen  et  al.  1995)  and  another 
study  combining  mt  16S  rDNA  and  18S  rDNA  (Bridge  et  al.  1995),  included  a  single 
cerianthid  as  the  representative  of  the  Subclass  Ceriantipatharia,  so  would  have  been  unable 
to  detect  any  potential  divergence  between  the  Ceriantharia  and  the  Antipatharia.  None  of 
these  studies  included  representatives  of  the  Zoanthidea.  Resolution  of  the  phylogenetic 
affinities  and  ancestry  of  the  orders  Antipatharia  and  Ceriantharia  will  further  our 
understanding  of  the  early  evolution  of  the  Anthozoa,  and  may  help  determine  which 
morphological  characters  are  phylogenetically  informative. 

The  phylogenetic  relationships  among  the  orders  Corallimorpharia,  Scleractinia, 
and  Actiniaria  are  equivocal  based  on  morphological  characters.  The  Corallimorpharia  are 
morphologically  intermediate  between  the  actiniarians  and  the  scleractinians,  although  their 
mesentery  stmcture  and  nematocysts  are  closer  to  the  scleractinians  (Fautin  &  Lowenstein 
1992).  At  one  time,  the  Corallimorpharia  were  placed  within  the  same  order  as 
scleractinians  (Wells  &  Hill  1956c).  In  the  late  1800's  the  corallimorpharian  species 
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Fig.  1  Phylogenetic  trees  from  previous  molecular  studies  of  the 
Anthozoa. 

A)  From  France  et  al.  (1996),  based  on  mitochondrial  16S 
rDNA 

B)  From  Song  and  Won  (1997),  based  on  nuclear  18S  rDNA 

C)  From  Chen  et  al.  (1995),  based  on  nuclear  28S  rDNA 
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Corynactis  was  suggested  to  be  an  immature  scleractinian  (Jourdan  1880).  The 
Corallimorpharia  have  also  been  considered  to  be  part  of  the  Actiniaria  historically 
(Carlgren  1949).  Stephenson  (1921)  removed  the  corallimorpharian  species  from  the 
Actiniaria  and  designated  them  as  Madreporaria  (containing  the  Corallimorpharia  and 
Scleractinia).  Stephenson  perceived  the  Corallimorpharia  as  Madreporaria  that  never 
developed  skeletons.  Carlgren  (1949)  established  the  Corallimorpharia  as  a  separate  order. 
The  current  scenario  gives  the  three  groups  equal  distinction  at  the  ordinal  level  within  the 
Subclass  Hexacorallia,  implying  that  the  presence  or  absence  of  a  skeleton  has  greater 
relevance  in  identifying  phylogenetic  affiliations  than  internal  morphology. 

Molecular  studies  have  reached  different  conclusions,  however,  concerning  the 
relationships  among  the  Actiniaria,  Scleractinia,  and  Corallimorpharia.  Partial  28S  rDNA 
sequences  (Chen  et  al.  1995)  suggested  monophyly  of  the  Scleractinia,  and  polyphyly  of 
the  Corallimorpharia  and  the  Actiniaria  (Fig.  1C).  Protein  radioimmunoassay  analyses 
(Fautin  &  Lowenstein  1992)  indicated  that  the  Corallimorpharia  are  not  distinct  from  the 
Scleractinia.  Fautin  and  Lowenstein  (1922)  hypothesized  that  the  Corallimorpharia  may 
have  had  multiple  origins  within  the  Scleractinia.  Mitochondrial  16S  rDNA  also  suggested 
that  the  Corallimorpharia  branch  within  the  Scleractinia  (France  et  al.  1996). 

My  study  investigated  whether  the  Corallimorpharia  were  allied  with  the 
Scleractinia,  the  Actiniaria,  or  neither.  The  determination  of  the  phylogenetic  affinities  of 
the  Corallimorpharia  should  help  resolve  whether  the  presence  of  a  skeleton  or  the  internal 
morphology  is  more  indicative  of  evolutionary  history. 

The  validity  of  the  current  ordinal  distinction  for  the  Ptychodactiaria,  a  group  of 
anemone-like  species,  is  another  systematics  issue  that  remains  unresolved.  The 
ptychodactiarian  species  were  originally  classified  as  a  family  within  the  Actiniaria, 
included  in  Protantheae  with  the  Gonactiniidae  based  on  similarities  in  nematocysts  and 
primitive  musculature  (Stephenson  1921).  The  Ptychodactiaria  differed  from  the 
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Actiniaria,  however,  in  their  gonadal  arrangement  and  mesenterial  stractures  (Stephenson 
1921,  Wells  &  Hill  1956c).  Stephenson  (1921,  1922)  removed  the  Ptychodactidae  from 
the  Protantheae  and  created  a  third  tribe,  the  Ptychodacteae.  Carlgren  (1949)  gave  the 
Ptychodactiaria  ordinal  ranking,  arguing  that  these  characteristics  were  primitive  rather  than 
degenerate.  The  present  work  seeks  to  gain  insight  not  only  to  the  amount  of  support  for 
their  ordinal  standing,  but  also  the  degree  to  which  these  species  are  ancestral  or  derived. 

The  genus  Dendwbrachia  exhibits  an  interesting  combination  of  morphological 
characters  that  resemble  both  the  Antipatharia  and  the  Octocorallia.  The  Dendwbrachia 
specimen  collected  in  the  Challenger  Expedition  (1872-1876)  was  in  relatively  poor 
condition,  but  was  assigned  to  the  Order  Antipatharia  based  on  its  chitinous,  spiny  axis  and 
its  lack  of  sclerites  (Brook  1889).  Dendrobrachia  has  always  been  recognized,  however, 
as  an  'aberrant'  antipatharian  (e.g.  van  Beneden  1897).  Additional  specimens  of 
Dendrobrachia  have  been  shown  to  possess  several  characteristically  octocorallian  features: 
eight  pinnately  branched,  retractile  tentacles,  and  a  solid  axial  core  (Opresko  &  Bayer 
1991).  Opresko  (1991)  suggested  that  Dendrobrachiidae  be  established  as  a  family  within 
the  Octocorallia,  with  affinities  to  the  gorgonians.  This  study  will  determine  whether 
Dendrobrachia  is  more  closely  related  to  the  Order  Antipatharia  (Subclass  Ceriantipatharia 
or  Hexacorallia)  or  the  Subclass  Octocorallia,  and  again  whether  the  skeletal  morphology  is 
more  important  evolutionarily  than  other  morphological  characters. 

For  the  molecular  phylogenetic  analyses  in  the  present  study  I  used  Maximum 
Likelihood  (ML)  techniques,  which  have  only  recently  become  tractable  for  large  data  sets 
(Huelsenbeck  &  Crandall  1997,  Huelsenbeck  &  Rannala  1997).  These  methods  are 
appropriate  for  the  analysis  of  sequence  data,  as  the  evolutionary  algorithm  can  be  tailored 
specifically  to  the  gene  analyzed  (Swofford  et  al.  1996).  As  a  result,  the  number  of 
incorrect  assumptions  about  the  evolution  of  the  gene  can  be  minimized  in  the  phylogenetic 
analyses.  Without  such  specific  ML  methods,  the  error  introduced  into  phylogenetic 
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analyses  from  incorrect  assumptions  can  overwhelm  the  phylogenetic  signal  present  in  the 
data.  This  can  be  a  serious  problem  when  working  with  large  numbers  of  taxa  or  basepairs 
(DeSalle  et  al.  1994,  Rzhetsky  &  Nei  1995).  Methods  incorporating  too  many  incorrect 
assumptions  will  tend  to  converge  on  an  incorrect  tree,  given  increasing  amounts  of 
sequence  information  (Huelsenbeck  &  Crandall  1997).  For  example,  using  a  model 
employing  equal  substitution  rates  within  a  gene  where  it  is  not  appropriate  can  bring  the 
probability  of  finding  the  correct  tree  to  zero  with  sequences  greater  than  2,000  bp 
(Sullivan  &  Swofford  1997).  In  addition,  maximum  likelihood  analyses  produce  a  statistic 
(the  likelihood  score)  that  can  be  useful  for  comparing  specific  evolutionary  hypotheses 
(i.e.  phylogenetic  trees).  This  statistic  will  indicate  if  a  given  hypothesis  is  significantly 
better  or  worse  than  an  alternative  (Hillis  1995,  Huelsenbeck  &  Rannala  1997). 

The  previous  phylogenetic  studies  of  the  Anthozoa  had  limitations  for  addressing 
the  scope  of  questions  I  ask  here.  All  of  the  studies  had  limited  taxon  sampling  within  the 
Hexacorallia  (Bridge  et  al.  1995,  Chen  et  al.  1995,  France  et  al.  1996,  Song  &  Won  1997) 
or  Ceriantipatharia  (Bridge  et  al.  1995,  Chen  et  al.  1995),  and  included  only  partial  gene 
sequences.  These  studies  used  relatively  basic  phylogenetic  analyses  (parsimony  and 
distance)  employing  evolutionary  models  that  are  not  highly  accurate  with  respect  to  the 
data  set.  The  goal  of  my  study  was  to  build  a  more  complete  phylogeny  of  the  Class 
Anthozoa  than  currently  exists,  containing  representatives  from  across  the  morphological 
breadth  present  within  the  class,  using  complete  18S  rDNA  sequences.  This  study 
addresses  a  number  of  questions  regarding  anthozoan  phylogeny:  1)  are  the  Ceriantharia 
and  the  Antipatharia  phylogenetically  allied  within  the  Subclass  Ceriantipatharia,  separate 
from  the  Subclass  Hexacorallia,  2)  are  the  Corallimorpharia  affiliated  with  the  Actiniaria, 
the  Scleractinia,  or  other  members  of  the  Hexacorallia,  3)  are  the  Ptychodactiaria 
phylogenetically  distinct  from  the  Actiniaria,  4)  is  Dendrobrachia  affiliated  with  the 
•  Antipatharia  (Subclass  Hexacorallia)  or  the  Subclass  Octocorallia,  and  5)  which 
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morphological  characters  are  correlated  most  closely  with  phylogenetic  divisions  within  the 
Anthozoa? 

I  chose  the  nuclear  18S  rRNA  gene  for  this  study  because  it  has  been  shown 
repeatedly  to  be  useful  in  addressing  questions  on  a  variety  of  evolutionary  scales,  ranging 
from  differentiation  of  kingdoms  (e.g.  Wainright  et  al.  1993)  to  elucidation  of  relationships 
within  a  given  order  (e.g.  Kelly-Borges  et  al.  1991,  Hay  et  al.  1995)  or  even  within  a 
single  family  (e.g.  Kuznedelov  &  Timoshkin  1993,  Fitch  et  al.  1995).  I  address  some  of 
the  conflicting  results  from  previous  molecular  studies  using  maximum  likelihood  analyses, 
which  can  incorporate  relevant  evolutionary  assumptions  for  the  18S  rRNA  gene  in 
anthozoans,  and  suggest  hypotheses  for  issues  where  no  molecular  information  has 
previously  existed. 

Methods 

Specimens 

This  study  included  over  1600  basepairs  (bp)  of  sequence  information  from  the 
nuclear  18S  rRNA  gene  of  40  anthozoan  species  plus  7  outgroup  species,  representing  all 
of  the  extant  orders  of  the  Anthozoa.  Fifteen  of  the  sequences  used  were  taken  from 
Genbank,  and  the  remaining  32  were  determined  for  this  study.  The  species  came  from  a 
variety  of  sources  (Table  1).  Several  octocoral  specimens  and  the  specimen  of 
Dendrobrachia  paucispina  were  acquired  from  Dr.  Frederick  Bayer  of  the  National  Museum 
of  Natural  History  and  Ardis  Johnston  of  the  Harvard  Museum  for  Comparative  Zoology. 
These  specimens  had  been  stored  in  ethanol  for  periods  ranging  from  two  to  50  years.  No 
information  was  available  as  to  whether  the  samples  were  fixed  originally  in  ethanol  or  in 
formalin.  Fresh  specimens  of  octocorals,  zoanthids,  antipatharians,  and  actiniarians  were 
collected  by  submersible  from  Hawaiian  seamounts  (using  the  Pisces  V  submersible, 
operated  by  the  Hawaiian  Undersea  Research  Laboratory  at  the  University  of  Hawaii)  and 
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Table  1  Specimens  used  in  phylogenetic  analyses.  Species  of 

Placozoa,  Porifera,  Ctenophora,  Hydrozoa  and  Cubozoa  were 
used  as  outgroups.  Specimen  sources  are  as  follows:  Bishop 
Seamount,  18.8°N  159. 1°W;  CG,  courtesy  of  Constance 
Gramlich,  UCSD;  EG,  courtesy  of  Erica  Goldman,  University 
of  Washington;  Fieberling  Guyot,  32.1°N  127.8°W;  LP, 
courtesy  of  Dr.  Lloyd  Peck  of  the  British  Antarctic  Program 
and  Dr.  Daphne  Fautin  of  the  Division  of  Invertebrate  Zoology 
at  Kansas  IJniversity  Natural  History  Museum;  NMNH, 
provided  by  Dr.  Frederick  Bayer,  National  Museum  of  Natural 
History,  Smithsonian;  Pensacola  Seamount,  18.3°N  157.3° W; 
SR,  courtesy  of  Dr.  Sandra  Romano,  University  of  Guam; 

WG,  courtesy  of  Dr.  Walter  Goldberg,  Florida  International 
University. 
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Species  Source  ^  Genbank 

Accession 


Stomphia  sp.  Friday  Harbor,  WA,  subtidal^^  AF052888 
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Order  Alcyonacea 

Suborder  Protoalcyonaria 
Fam,  Taiaroidae 

Taiaroa  tauhou  Otago  Penninsula,  NZ,  420-320  5427 1  AF052908 
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Subtribe  Acontiaria 
Fam.  Metridiidae 

Metridum  sp.  Woods  Hole,  MA,  subtidal  AF052889 


Fieberling  Guyot  (using  the  Alvin  submersible,  operated  by  the  Woods  Hole 
Oceanographic  Institution).  The  specimens  collected  from  these  dives  were  either  frozen  in 
liquid  nitrogen  or  in  a  -20°C  freezer.  Other  actiniarian  and  corallimorpharian  specimens 
were  collected  in  U.S.  and  Bermuda  by  snorkeling  or  SCUBA.  Two  antipatharian 
specimens  were  donated  by  Dr.  Walter  Goldberg  of  the  Florida  International  University. 
The  ptychodactiarian  specimen  was  donated  by  Dr.  Lloyd  Peck  of  the  British  Antarctic 
Program  and  Dr.  Daphne  Fautin  of  the  Division  of  Invertebrate  Zoology  at  Kansas 
University  Natural  History  Museum.  DNA  extractions  of  scleractinians  and  several 
octocorals  were  donated  by  Dr.  Sandra  Romano  of  the  University  of  Guam  Marine  Station 
and  Dr.  Tamar  Goulet  of  the  State  University  of  New  York,  Buffalo,  respectively. 

DNA  Extraction  Protocol 

The  DNA  extraction  protocols  I  used  was  similar  to  those  described  by  Coffroth  et 
al.  (1992)  and  Winnepenninckx  et  al.  (1993).  Five  to  ten  polyps  of  fresh  or  frozen  tissues 
were  minced  with  a  razor  blade  and  placed  in  a  1.5-ml  eppendorf  tube  with  600  p.1  of  2X 
cetyltrimethylammonium  bromide  (CTAB)  buffer  (1.4M  NaCl,  0.02M  EDTA,  O.IM  Tris- 
HCl  (pH  8.0),  2%  CTAB  (Sigma  Chemical  Co.),  and  0.2%  beta-mercaptoethanol).  This 
buffer  is  particularly  effective  at  removing  polysaccharides  that  are  abundant  in  coral 
tissues,  and  which  can  interfere  with  DNA  extraction.  A  plastic  dounce  was  employed  to 
shear  the  tissue  further,  and  an  additional  300  |il  of  2X  CTAB  was  added.  The  samples 
were  placed  at  55°C  and  digested  with  5  jxl  of  proteinase  K  (20  mg/ml)  for  approximately 
two  hours.  The  tissues  were  extracted  once  with  an  equal  volume  of  24: 1 
chloroform: isoamyl  alcohol,  and  precipitated  in  two  volumes  of  cold  95%  ethanol  at  -20°C 
overnight.  The  tubes  were  centrifuged  at  10,000xg  for  30  minutes,  and  the  ethanol  was 
removed.  The  pellets  were  washed  with  5(X)  |Lil  cold  70%  ethanol,  and  the  tubes  were 
centrifuged  at  7,000xg  for  15  minutes.  The  ethanol  was  removed,  and  the  pellets  dried  at 
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room  temperature.  The  pellets  were  resuspended  in  50  p.1  of  TE  buffer  (10  mM  Tris-HCl— 
pH  8.0,  1  mM  EDTA-pH  8.0)  and  placed  at  4°C  for  three  to  four  hours  before 
visualization  on  an  agarose  gel. 

The  ethanol-preserved  specimens  were  extracted  with  a  slightly  different  protocol. 
Five  to  ten  polyps  of  the  archival  specimens  were  placed  on  ice  in  two  to  ten  ml  2X  CTAB 
buffer  for  two  to  24  hours,  with  the  buffer  replaced  several  times  during  this  period.  The 
buffer  was  removed,  and  the  tissue  minced  finely  with  a  razor  blade  as  above.  The  tissues 
were  incubated  with  proteinase  K  at  55°C  for  24  hours,  with  periodic  agitation.  Another  5 
p,l  of  proteinase  K  was  added,  and  the  tissues  continued  to  digest  for  an  additional  eight  to 
twelve  hours.  The  remaining  extraction  procedure  followed  as  above. 

DNA  Amplification  Protocols 

Pipet  tips  with  a  filter  barrier  were  used  throughout  this  process  to  guard  against 
contamination  of  the  reactions.  Negative  controls  were  included  during  the  DNA 
extractions  and  PCR  reactions  to  detect  contamination  if  it  did  occur.  Each  extracted  DNA 
sample  was  diluted  1 : 10  in  TE  buffer,  and  2  p,l  of  that  dilution  was  used  in  a  50  (il  PCR 
reaction.  Modified  versions  of  the  universal  eukaryotic  primers  A  and  B  (with  the 
polylinkers  removed)  from  Medlin  et  al.  (1988)  were  used  in  the  initial  DNA  amplifications 
of  the  18S  rEfNA  gene.  Primer  sequences  are  as  follows:  A  (forward)  5'- 
AACCTGGTTGATCCTGCCAGT-3',  B  (reverse)-  5'- 

TGATCCTTCTGCAGGTTCACCTAC-3'.  We  found  the  18S  rRNA  gene  to  be  roughly 
1800  bp  in  length  in  anthozoans.  Thirty-five  cycles  of  PCR  were  carried  out  using  a 
Perkin  Elmer  Thermal  Cycler  480.  The  DNA  was  denatured  at  94°C  for  45  seconds,  the 
primers  and  template  were  annealed  at  55°C  for  one  minute,  and  the  original  DNA  strand 
was  extended  at  72°C  for  90  seconds.  These  35  cycles  were  followed  by  a  five  minute 
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extension  at  72°C.  The  product  was  visualized  on  a  1%  agarose  gel.  There  was  always  a 
visible  product  from  the  fresh  or  frozen  tissues,  and  that  product  was  prepared  for  cloning. 

For  those  museum  specimens  that  yielded  no  visible  PCR  product,  a  second  PCR 
reaction  was  conducted  using  1  |il  of  product  from  the  initial  PCR  reaction  as  the  template. 
The  amplified  negative  control  (no  DNA  was  added  to  the  tube)  from  the  initial  PCR 
reaction  was  included  in  the  second  reaction,  using  1  p,!  of  the  original  negative  control  as 
template.  The  primers  used  for  the  second  PCR  reaction  were  chosen  to  ensure  that  at  least 
one  primer  annealed  internally  to  the  initial  A  and  B  primers.  The  internal  primers  were 
selected  from  a  combination  of  universal  eukaryotic  primers  and  a  set  of  octocoral-specific 
primers  that  were  designed  by  me.  The  universal  primers  were  the  following:  373 
(forward)  5-'GATTCCGGAGAGGGAGCCT-3'  and  1200  (reverse)  5'- 
GGGCATCACAGACCTG-3'  (Weekers  et  al.  1994),  514  (forward)  5'- 
GTGCCAGCMGCCGCGG-3',  1055  (forward)  5'-GGTGGTGCATGGCCG-3’,  and 
1055  (reverse)  5'-CGGCCATGCACCACC-3'  (Elwood  et  al.  1985),  and  536  (reverse)  5’- 
WATTACCGCGGCKGCTG-3'  (Lane  et  al.  1985).  The  octocoral-specific  primers  were 
designed  to  amplify  anthozoan  DNA,  but  not  DNA  from  the  potential  contaminants.  The 
octocoral-specific  primers  were  designed  from  alignments  of  GenBank  sequences  of 
actiniarians  (found  in  Table  1),  two  fungi  {Cryptococcus  neoformans,  Genbank  accession 
#L05428,  and  Bullera  unica,  accession  #D78330),  potential  epibionts  from  Mollusca  and 
Crustacea  (Mytilus  galloprovincialis,  accession  #L3345 1,  and  Stenocypris  major, 
accession  #Z22850),  and  a  zooxanthella  symbiont  (Symbiodinium  sp.,  accession 
#M88509).  Octocoral  sequences  derived  from  frozen  tissue  in  this  laboratory  (Table  1) 
were  verified  as  cnidarian  through  a  BLAST  search  of  GenBank  and  were  also  used  in  the 
primer  design.  Octocoral-specific  primers  were  the  following:  705  (forward)  5'- 
GGTCAGCCGTAAGGTTT-3',  705  (reverse)  5'-CATACCTTTCGGCTGACC-3',  900 
(forward)  5'-GTTGG'rnTTTGAACCGAAG-3',  900  (reverse)  5'- 


95 


CTTCGGTTCTAGAAACCAAC-3',  1560  (reverse)  5'-GGTGAAGGAGTTACTCGATG- 
3'.  PCR  primer  pairs  were  chosen  to  include  at  least  one  octocoral-specific  primer,  and  to 
amplify  the  largest  fragment  possible  from  the  archival  specimens.  Further  details  and  the 
rationale  behind  this  technique  can  be  found  in  Chapter  2. 

Determination  ofDNA  Sequences 

The  final  PCR  product  was  cloned  using  the  Original  TA  Cloning  Kit  (Invitrogen 
Corporation).  The  PCR  product  was  ligated  into  the  pCR  2.1  cloning  vector,  then 
transformed  into  a  strain  of  INVaF’  cells.  The  plasmid  was  isolated  using  the  Wizard 
Miniprep  DNA  Purification  Kit  (Promega  Corporation)  and  subsequently  used  as  a 
template  for  cycle  sequencing  reactions,  using  the  SequiTherm  EXCEL  Long-Read  DNA 
Sequencing  Kit-LC  (Epicentre  Technologies).  DNA  sequences  were  determined  for  both 
the  forward  and  reverse  strands  of  the  gene.  The  reactions  were  run  on  a  LI-COR  4000 
DNA  Sequencer,  using  infrared-labeled  primers:  M13  (forward)  5'- 
CACGACGTTGTAAAACGAC-3',  M13  (reverse)  5'-GAATAACAATTTCACACAGG- 
3',  514  (forward)  5'-TCTGGTGCCAGCASCCGCGG-3',  536  (reverse)  5’- 
TGGWATTACCGCGGSTGCTG-3',  1055  (forward)  5'-GTGGTGGTGCATGGCCG- 
3',  1055  (reverse)  5'-AAGAACGGCCATGCACCAC-3'.  The  resulting  images  were 
interpreted  using  the  Biolmage  gel  reader  program. 

Sequence  Analysis 

DNA  sequences  were  aligned  first  by  eye,  with  consideration  of  secondary 
stracture  models,  and  with  the  alignment  program  Clustal  W  1.6  (Thompson  et  al.  1994). 
Regions  of  uncertain  alignment  were  eliminated  from  the  final  analyses  (the  nexus  file  is 
available  upon  request).  In  total,  1609  basepairs  were  used  in  the  analyses,  of  which  247 
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out  of  541  variable  sites  were  parsimony-informative,  and  294  were  parsimony- 
uninformative. 

All  analyses  were  performed  using  test  versions  of  PAUP*  (ver.  4d61, 4d63) 
(Swofford  1996,  betatest  version).  An  initial  distance  analysis  of  the  entire  dataset  was 
performed  using  a  Kimura  2-parameter  model.  The  likelihood  scores  were  calculated  for 
that  tree  using  a  variety  of  ML  models,  incorporating  combinations  of  base-dependent  rates 
of  change  with  unequal  base  frequencies,  a  proportion  of  invariant  sites,  and  substitutional 
rate  heterogeneity.  The  purpose  of  this  procedure  was  to  identify  the  simplest  model  of 
evolution  that  was  still  accurate  for  this  data  set;  the  simpler  model  has  a  lower  variance 
(Rzhetsky  &  Nei  1995)  and  is  less  computationally  intensive.  Using  a  Likelihood  Ratio 
Test  (LRT)  similar  to  the  one  described  by  Huelsenbeck  and  Rannala  (1997),  the  likelihood 
scores  (L)  of  simpler  models  were  compared  to  that  of  the  most  complex  reference  model  (a 
general  time-reversible  model  with  among-site  substitution  heterogeneity):  LRT=2([- 
IxiLreference]  -  [-IviLaltemative]).  The  values  of  the  LRT  are  approximately  Chi-square 
distributed,  with  the  degrees  of  freedom  equal  to  the  difference  in  free  parameters  between 
the  models  being  tested.  Models  for  which  the  LRT  score  was  greater  than  the  Chi-squared 
critical  value  were  rejected  as  not  being  sufficiently  accurate. 

Likelihood  scores  were  also  used  to  test  specific  phylogenetic  hypotheses  addressed 
by  this  study.  Alternative  evolutionary  hypotheses  were  formed  by  manipulating  tree 
topologies  using  the  computer  program  MacClade  (Maddison  &  Maddison  1992).  The 
Kishino-Hasegawa  (KH)  Test  (Kishino  &  Hasegawa  1989)  within  the  PAUP*  program 
was  used  to  compare  the  likelihood  scores  of  different  topologies  (i.e.  evolutionary 
hypotheses).  Trees  were  viewed  using  PAUP*  and  the  free-ware  program  TreeView  (Page 
1996). 
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Results 


The  large  number  of  taxa  and  lengths  of  each  sequence  included  in  these  analyses 
made  it  unlikely  that  simple  parsimony  or  distance  methods  would  be  sufficient  for 
detecting  the  phylogenetic  signal  within  this  data  set.  When  using  subsets  of  the  data,  e.g. 
23  out  of  the  47  taxa,  bootstrap  analyses  of  both  parsimony  and  Kimura  two-parameter 
distance  methods  gave  trees  with  well-supported  topology  as  defined  by  high  bootstrap 
values.  When  the  full  data  set  was  used,  however,  the  placement  of  the  Order  Ceriantharia 
changed  substantially,  and  the  bootstrap  values  of  the  basal  nodes  dropped  from  80-100% 
in  the  subset  analysis  to  50-60%  and  below  with  the  full  data  set.  The  results  from  the 
LRT  using  the  original  Kimura  2-parameter  tree  showed  that  simple  parsimony  and 
distance  models  were  insufficient  to  model  the  evolution  of  this  gene,  and  that  the 
appropriate  model  for  the  analysis  of  this  data  set  was  a  general  time-reversible  model 
(GTR)  with  among-site  heterogeneity.  All  simpler  models  were  statistically  inferior  to  the 
full  GTR  model  for  explaining  this  neighbor-joining  tree  given  these  data.  The  parameters 
estimated  from  the  Kimura  2-parameter  tree  (Table  2)  were  used  in  a  heuristic  ML  search 
consisting  of  five  replicates,  with  random  addition  of  sequences.  The  parameters  were  re- 
estimated  using  the  most  likely  tree  that  was  produced  from  that  ML  analysis,  to  insure 
there  were  no  substantial  changes.  The  most  likely  trees  were  found  within  the  first 
replicate  in  all  analyses  conducted. 

Seven  species  were  tested  as  potential  outgroups  for  these  analyses:  two  species 
from  Phylum  Porifera,  two  species  from  Phylum  Ctenophora,  one  species  from  Phylum 
Placozoa,  and  two  other  speeies  from  the  Phylum  Cnidaria,  representing  classes  Hydrozoa 
and  Cubozoa  (Table  1).  Species  were  tested  individually  and  as  a  group  to  determine  their 
effect  on  the  overall  tree  topology.  The  major  clades  were  present  regardless  of  the  taxa 
chosen  for  the  outgroup,  with  the  exception  of  Trichoplax.  When  Trichoplax  was  used  as 
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Sequence  Parameter 

Value 

Base  frequencies 

A 

0.257 

C 

0.206 

G 

0.275 

T 

0.262 

Substitution  R  matrix 

A/C 

0.9458 

A/G 

2.6447 

ATT 

0.7776 

C/G 

1.6166 

C/T 

4.9021 

Proportion  of  invariant  sites 

0.3807 

Gamma  distribution 

a 

0.5889 

Table  2  Sequence  parameter  values  calculated  from  the  18S  rDNA 

used  in  the  present  study.  Values  used  as  input  for  maximum 
likelihood  analyses.  The  R  matrix  contains  base-specific 

substitution  rates.  The  gamma  distribution  parameter  a  is  the 
inverse  of  the  coefficient  of  variation  of  the  substitution  rate. 
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the  sole  outgroup,  the  major  clades  which  had  been  well-supported  were  broken  up  and  the 
hexacorals  were  no  longer  monophyletic.  Polyphyly  of  the  Hexacorallia  is  inconsistent 
with  traditional  morphological  taxonomy,  and  has  not  been  shown  by  previous  molecular 
phylogenies,  and  it  is  therefore  likely  that  Trichoplax  by  itself  is  an  inappropriate  outgroup 
for  these  analyses.  When  all  outgroups  were  used  together,  the  general  tree  topology  was 
once  again  as  seen  in  the  majority  of  the  outgroup  trials. 

The  positional  stability  of  the  outgroups  was  examined  in  addition  to  their  overall 
effect  on  tree  topology.  Although  the  combined  use  of  Mnemiopsis  leidyi  (ctenophore)  and 
Selaginopsis  comigera  (hydroid)  as  the  only  outgroups  produced  the  expected  tree 
topology,  M.  leidyi  could  then  be  moved  to  multiple  positions  on  the  topology,  including  to 
the  ingroup,  without  reducing  the  likelihood  score  significantly  (KH  Test,  P<0.05). 
Mnemiopsis  leidyi  with  S.  comigeras  alone  may  be  an  inappropriate  outgroup,  since  M. 
leidyi  doesn't  branch  reliably  at  the  root  of  the  tree.  When  all  outgroup  species  were  used, 
the  root  became  stable;  the  outgroup  species  could  only  be  placed  at  the  root  or  the 
adjoining  basal  node  without  reducing  the  likelihood  score  significantly.  Monophyly  of  the 
ingroup  could  not  be  rejected.  The  final  analyses  for  this  data  set  were  performed  using  all 
seven  taxa  as  outgroups. 

Parsimony  and  distance  methods  showed  that  the  orders  Actiniaria,  Zoanthidea, 
Scleractinia,  Antipatharia,  and  Ceriantharia,  as  well  as  the  Subclass  Octocorallia,  constitute 
monophyletic  groupings  (data  not  shown).  The  Corallimorpharia  do  not  appear  to  be 
monophyletic.  Since  the  primary  issues  to  be  addressed  here  were  the  ordinal-level 
relationships  within  the  Anthozoa,  the  topology  and  monophyly  of  the  Scleractinia  and  the 
Octocorallia  were  fixed  for  the  ML  analyses  to  decrease  computational  complexity  (i.e. 
effectively  reducing  the  number  of  taxa  from  41  to  25)  and  to  concentrate  the  analytical 
efforts  on  the  above  issues.  One  most  likely  tree  was  produced  from  a  ML  analysis  (Fig. 
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2).  The  orders  that  were  not  fixed  retained  the  monophyly  found  in  distance  and 
parsimony  analyses. 

The  most  likely  tree  (Fig.  2)  indicated  that  the  Subclass  Ceriantipatharia  is  not  a 
monophyletic  grouping.  The  Order  Ceriantharia  was  basal  to  the  Hexacorallia,  and  the 
Order  Antipatharia  fell  within  the  Subclass  Hexacorallia,  as  a  sister  group  to  the  Order 
Zoanthidea.  The  two  species  of  the  Ceriantharia  clustered  consistently  with  each  other,  but 
the  placement  of  the  Ceriantharia  branch  was  not  stable.  Although  the  most  likely  tree 
placed  the  Ceriantharia  in  an  ancestral  position  relative  to  the  Hexacorallia,  the  cerianthids 
could  then  be  placed  in  numerous  positions  throughout  the  Actiniaria,  Antipatharia,  within 
the  Octocorallia,  and  at  the  base  of  most  subclades  without  reducing  the  likelihood  of  the 
tree  significantly  (BCH  Test,  P>0.05)  (Fig.  3).  The  cerianthids  appear  to  be  highly 
divergent  from  the  other  Anthozoa,  but  they  have  evolved  in  such  a  way  that  the 
phylogenetic  signal  from  their  sequences  could  not  indicate  their  specific  phylogenetic 
affinities  within  the  Anthozoa.  Their  position  could  not  be  placed  reliably  using  nuclear 
18S  rRNA  data.  The  two  cerianthid  species  were  eliminated  from  further  analyses  in  order 
to  reduce  the  computational  noise  resulting  from  their  sequences. 

The  computational  complexity  of  the  analyses  was  reduced  further  by  fixing  the 
relationships  within  the  Actiniaria,  the  Antipatharia,  the  Zoanthidea,  the  Scleractinia,  and 
the  Octocorallia,  as  they  were  found  in  parsimony  analyses.  This  effectively  reduced  the 
number  of  taxa  in  the  analysis  from  45  to  14.  This  approach  was  justified  based  on  the 
solid  bootstrap  support  for  monophyly,  as  seen  in  a  ML-calculated  distance  analysis  (Fig. 
4),  as  well  as  results  from  parsimony  and  ML  analyses  (data  not  shown).  The  fixation  of 
these  nodes  allowed  the  ML  algorithm  to  concentrate  on  the  relationship  of  the  basal  nodes, 
which  represent  the  relationships  among  the  primary  clades. 

A  single  most  likely  tree  was  found  from  the  subsequent  ML  analysis  (Fig.  5).  The 
Subclass  Octocorallia  formed  a  sister  clade  to  the  Hexacorallia.  Within  the  hexacoral  clade. 
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Fig.  2  The  most  likely  tree  produced  from  maximum  likelihood 

analyses  of  the  Anthozoa,  with  topologies  of  the  octocoral 
clade  and  scleractinian  clade  fixed  (circled)  (-LN  likelihood  = 
11919.609).  The  relative  positions  of  the  orders  within  the 
Hexacorallia  and  Ceriantipatharia  (Scleractinia, 

Corallimorpharia,  Antipatharia,  Zoanthidea,  Actiniaria,  and 
Ceriantharia)  are  interchangeable  without  reducing  the  likelihood 
of  the  tree  significantly  (KH  Test,  P<0.05).  Horizontal  branch 
length  reflects  genetic  distance  among  taxa.  Outgroup  genera 
are  Tetilla,  Scypha,  Beroe,  Mnemiopsis,  Trichoplax,  Tripedalia 
and  Selaginopsis. 
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Fig.  3  Possible  placements  of  the  Ceriantharia  that  do  not  reduce  the 

likelihood  of  the  tree.  The  X’s  mark  the  positions  where  one  or 
both  species  of  the  Order  Ceriantharia  can  be  placed  without  a 
significant  reduction  of  the  likelihood  score  of  the  tree  (KH 
Test,  P<0.05).  Horizontal  branch  length  does  not  reflect 
genetic  distance.  Outgroup  genera  are  Tetilla,  Scypha,  Beroe, 
Mnemiopsis,  Trichoplax,  Tripedalia  and  Selaginopsis. 


104 


•Tetilla  japonica 
•Scypha  ciliata 
•Trichoplax  sp. 


Outgroups 


Scleractinia/ 

Corallimorpharia 


fi^Stomphia  sp. 

Anemonia  sulcata 
nthopleura  kurogane 
Dactylanthus  antarcticus  |  Actiniaria 
Haloclava  sp. 

Flosmaris  mutsuensis 
Metridium  sp. 

Actiniarian  sp. 

Homathiid  sp. 

Corynactis  califomica 
Ceratotrochus  magnaghii 
Discosoma  sp. 

Pavona  varians 
Enallopsammia  rostrata 
Phyllangia  mouchezU 
Fungia  scutaria 
Rhizopsammia  minuta 
Tubastraea  aurea 
Cirripathes  lutkeni 
Stichopathes  spiessi 
Bathypathes  sp.  |  Antipatharia 
ntipathes  fiordensis 
[Antipathes  lata 
Palythoa  variabilis  I 

Parazoanthus  axinellae  I  Zoanthidea 
Parazoanthus  sp.  I 

X  Briareum  asbestinum 
rLepidisis  sp. 

Y^Narella  bowersi 
|r  Umbellula  sp. 

^•Dendrobrachia  paucispina 
^Protoptilum  sp. 

'’~\j^canthoptilum  sp. 


^Renilla  reniformis 
r^Tubipora  musica 
“Hr— Taiaroa  tauhou 
\rAcanthogorgia  sp. 
^Bellonella  rigida 
^elaginopsis  comigera 
^Tripedalia  cystophora 
•Mnemiopsis  leidyi 


Octocorallia 


Outgroups 


Beroe  cucumis 


105 


Fig.  4  Bootstrap  analysis  using  distances  calculated  from  maximum 
likelihood  parameters,  showing  support  for  monophyly  of  the 
ordinal  nodes.  No  taxa  were  fixed  for  this  computation. 
Horizontal  branch  length  reflects  genetic  distance  among  taxa. 
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Fig.  5  Most  likely  tree  produced  from  maximum  likelihood 

analyses,  showing  the  most  hasal  relationships  present 
among  the  Hexacorallia  (-Ln  likelihood  =  11072.545).  The 
topologies  of  the  Actiniaria,  Antipatharia,  Scleractinia, 
Zoanthidea,  and  Octocorallia  were  fixed  to  simplify 
computational  complexity  (circled).  Horizontal  branch  length 
reflects  genetic  distance  among  taxa. 
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the  Actiniaria  were  most  basal.  The  Antipatharia  formed  a  sister  clade  to  the  Zoanthidea. 
The  Corallimorpharia  were  polyphyletic,  and  basal  to  the  Scleractinia.  The  topology  of 
ordinal  clades  within  the  Hexacorallia  can  be  varied  without  reducing  the  likelihood  of  the 
tree  significantly  (KH  Test,  P<0.05). 

The  18S  rRNA  gene  contained  sufficient  phylogenetic  signal  to  suggest 
relationships  for  both  the  ptychodactiarian  species  Dactylanthus  antarcticus  and  the  putative 
antipatharian  Dendrobmchia  paucispina.  Neither  of  these  species  was  constrained  for  the 
initial  analyses,  as  I  wanted  to  determine  their  position  relative  to  the  other  Anthozoa.  The 
ptychodactiarian  Dactylanthus  was  firmly  allied  with  the  Order  Actiniaria.  A  separate  ML 
analysis  was  conducted  including  only  Dactylanthus,  the  Actiniaria,  and  a  subset  of  the 
outgroup  species.  New  ML  parameters  were  calculated  to  reflect  the  change  in  taxonomic 
sampling.  The  most  likely  tree  (Fig.  6)  placed  Dactylanthus  with  the  species  Haloclava 
sp.. 

Dendrobrachia  paucispina  was  placed  clearly  within  the  octocoral  clade,  and 
branched  with  the  species  Umbellula  sp.  and  Narella  bowersi.  All  other  positions  for 
Dendrobrachia  on  this  tree  reduced  the  likelihood  significantly  (KH  Test,  P<0.05). 

Discussion 

These  molecular  analyses  support  the  morphological  division  between  the  Subclass 
Octocorallia  and  the  other  Anthozoa,  which  was  based  primarily  on  mesentery  and  tentacle 
stmcture.  The  octocorals'  octamerous  mesenteries  and  pinnately-branched  tentacles  are 
unique  to  the  Anthozoa,  as  are  their  mesenchymal  skeletal  spicules.  The  octocorals  also 
share  a  single  type  of  nematocyst  (basitrichs)  which  are  rare  or  absent  in  the  Actiniaria 
(Picken  &  Skaer  1966,  Schmidt  1974).  The  remaining  species  within  the  Anthozoa,  which 
comprise  the  early  Subclass  Hexacorallia,  are  more  diverse  in  their  morphology.  They  are 
characterized  by  simple,  unbranched  tentacles,  and  generally  by  six  or  more  pairs  of 


110 


Tetilla  japonica 


•Beroe  cucumis 


‘Selaginopsis  comigera 


4: 


•Lepidisis  sp. 
•Protoptilum  sp. 
-Parazoanthus  axinellae 
•Flosmaris  mutsuensis 
-Metridium  sp. 
Actiniarian  sp. 
Hormathiid  sp. 


Outgroups 


Thenaria: 

Acontiaria 


•Stomphia  sp.  —  Thenaria: 

Mesomyaria 


C 


Dactylanthus  antarcticus 
Haloclava  sp.—  Athenaria 


-Anthopleura  kurogane 
-Anemonia  sulcata 


Thenaria: 

Endomyaria 


Fig.  6  Maximum  likelihood  analysis  of  Actiniaria  and  Ptychodactiaria 

{Dactylanthus  antarcticus)  (-Ln  likelihood  =  6094.807).  Dactylanthus 
does  not  appear  to  constitute  a  separate  order.  It  is  most  closely  allied 
with  the  trihe  Athenaria  (Suborder  Nynantheae).  Trihe  Athenaria 
and  Dactylanthus  branch  within  the  clade  of  the  Tribe  Thenaria 
(Suborder  Nynantheae). 
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mesenteries.  Their  skeleton  (if  present)  may  be  composed  of  calcium  carbonate  or  chitin, 
but  never  contains  free  sclerites  (Wells  &  Hill  1956a). 

Molecular  information  from  three  different  ribosomal  genes  have  indicated  two 
potential  phylogenetic  positions  for  the  Ceriantharia  within  the  Anthozoa.  France  et  al. 
(1996)  examined  the  mitochondrial  16S  rRNA  gene  (550-900  bp  from  29  species),  and 
found  the  cerianthids  were  ancestral  to  the  remaining  hexacorals  (Fig.  la).  A  combination 
of  16S  mtDNA  and  18S  rDNA  sequences  also  found  the  cerianthids  to  be  basal  to  the 
hexacorals  (Bridge  et  al.  1995).  A  third  study  using  800  bp  of  the  18S  rDNA  from  13 
species  (Song  &  Won  1997)  placed  the  cerianthid  species  as  ancestral  to  all  of  the  Anthozoa 
(Fig.  lb),  as  did  a  fourth  study  using  225  bp  of  28S  rDNA  sequence  from  22  species 
(Chen  et  al.  1995)  (Fig.  Ic). 

The  most  likely  tree  generated  from  the  18S  rDNA  sequences  in  the  present  study 
did  not  support  the  alliance  of  the  orders  Ceriantharia  and  Antipatharia  within  the  Subclass 
Ceriantipatharia  (Fig.  1).  Similar  conclusions  were  found  previously  by  France  et  al. 
(1996)  and  SongAVon  (1997).  The  Ceriantharia  appeared  to  be  ancestral  to  the 
Hexacorallia,  and  the  Antipatharia  fell  within  the  Hexacorallia.  These  analyses  could  not, 
however,  identify  the  exact  position  of  the  Ceriantharia  with  statistical  certainty  (Fig.  3). 
The  cerianthid  species  could  be  placed  in  multiple  positions  on  the  tree  without  reducing  the 
likelihood  of  the  tree  significantly.  These  analyses  of  18S  sequence  information  were 
unable  to  establish  the  phylogenetic  history  of  the  Ceriantharia  reliably. 

I  was  able  to  clearly  establish  the  affinities  of  the  Order  Antipatharia  within  the 
Subclass  Hexacorallia  from  my  analyses.  Sequence  analyses  in  the  past  have  had 
incomplete  sampling  for  the  determination  of  the  phylogenetic  affinities  of  the  Antipatharia. 
France  et  al.  (1996)  and  Song  and  Won  (1997)  found  the  Antipatharia  to  be  a  sister  clade  to 
the  Actiniaria,  but  neither  study  included  zoanthid  species  in  their  analyses.  The  most 
likely  tree  from  my  analyses  indicated  the  Antipatharia  form  a  sister  clade  to  the  Zoanthidea. 
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Moving  the  Antipatharia  to  branch  with  the  Actiniaria,  however,  did  not  make  the  tree 
significantly  less  likely.  A  phylogenetic  association  between  the  Antipatharia  and  either  the 
Zoanthidea  or  the  Actiniaria  was  supported  from  these  analyses. 

The  most  likely  tree  generated  from  my  18S  sequence  data  suggested  that  the 
Corallimorpharia  were  not  monophyletic,  and  they  exhibited  a  closer  affinity  to  the 
Scleractinia  than  the  Actiniaria  (Fig.  5).  This  result  agreed  with  the  France  et  al.  (1996) 
study  (Fig.  la),  but  not  with  Chen  et  al.  (1995)  (Fig.  Ic).  The  latter  showed  the  Actiniaria 
to  be  a  polyphyletic  group  comprised  of  two  clades,  with  species  of  Corallimorpharia 
branching  with  both  clades  of  actiniarian  species.  These  two  actiniarian/corallimorpharian 
clades  were  distinct  from  the  monophyletic  clade  of  scleractinians.  My  most  likely  tree 
indicated  that  both  the  Actiniaria  and  the  Scleractinia  were  monophyletic,  and  the 
Corallimorpharia  branched  basally  to  the  Scleractinia.  The  Corallimorpharia  could  be 
moved  throughout  the  scleractinian  clade,  however,  without  reducing  the  likelihood  of  the 
tree  (KH  Test,  P<0.05).  The  likelihood  of  the  tree  was  also  not  reduced  significantly  if  the 
corallimorpharian  species  were  forced  to  monophyly.  The  close  phylogenetic  association 
of  the  Corallimorpharia  and  the  Scleractinia  is  reminiscent  of  the  taxon  Madreporaria 
(Stephenson  1921),  in  which  were  combined  the  Scleractinia  and  the  Corallimorpharia. 

The  close  genetic  affinity  of  the  Scleractinia  and  the  Corallimorpharia  suggests  that  the 
morphological  characters  of  mesentery  structure,  which  is  similar  between  the  two  groups, 
may  be  more  reflective  of  evolutionary  associations  than  the  presence  or  absence  of  a 
skeleton. 

The  branching  pattern  of  the  Actiniaria  in  the  present  study  differed  from  that  found 
by  Chen  et  al.  (1995).  I  included  representatives  of  the  actiniarian  taxa  that  branched  with 
the  Corallimorphidae  in  the  28S  tree,  but  they  fell  with  the  other  Actiniaria  and  not  with  the 
Scleractinia  according  to  my  18S  data.  The  polyphyly  of  the  Actiniaria  found  by  Chen  et 
al.  may  have  been  a  result  of  the  short  sequence  length  used  for  their  analyses. 
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My  taxonomic  sampling  is  limited  for  the  Corallimorpharia,  but  I  chose  species  that 
represented  both  of  the  major  morphotypes  within  the  order:  Discosoma  is  of  the  tropical, 
plate-like  variety,  and  Corynactis  is  of  the  temperate,  polyp-like  variety.  This  sampling 
scheme  is  clearly  insufficient  for  indicating  relationships  among  the  families  of  the 
Corallimorpharia,  and  as  I  have  shown  the  18S  rRNA  gene  may  also  be  inadequate  for 
distinguishing  the  relationships  within  this  group.  The  close  relationship  between  the 
Scleractinia  and  the  Corallimorpharia  is  evident,  but  the  phylogenetic  information  present  in 
these  18S  sequences  is  insufficient  to  establish  the  specific  relationships  among  these  two 
groups. 

My  18S  rDNA  data  indicated  that  the  Ptychodactiaria  have  strong  connections  to  the 
Actiniaria.  These  data  do  not  support  the  establishment  of  a  separate  order,  although  the 
possibility  a  separate  order  is  warranted  cannot  be  strongly  rejected.  I  conducted  an  ML 
analysis  on  the  Actiniaria  and  Dactylanthus  alone,  with  a  selection  of  species  as  the 
outgroup,  and  new  parameters  appropriate  to  these  taxa.  My  analyses  indicated  good 
agreement  between  the  18S-generated  relationships  and  traditional  placement  of 
Dactylanthus  within  the  Actiniaria  (Fig.  6).  The  subtribes  each  constituted  monophyletic 
groupings.  The  Tribe  Anthenaria,  represented  here  by  a  single  species,  appeared  to  be 
derived  from  the  Tribe  Thenaria.  The  most  likely  tree  from  my  analysis  of  this  subset  of 
species  showed  a  sister-taxon  relationship  between  Dactylanthus  and  Haloclava,  of  the 
Tribe  Athenaria.  However,  Dactylanthus  could  be  moved  throughout  the 
Endomyaria/Athenaria  clade,  or  to  a  position  basal  to  the  Acontiaria,  or  basal  to  the 
Actiniaria  as  a  whole  without  reducing  the  likelihood  significantly  (KH  Test,  P<0.05). 

This  sampling  scheme  also  lacks  representatives  of  the  two  remaining  suborders  within  the 
Actiniaria  (Suborder  Protantheae  and  Suborder  Endocoelantheae).  Thus,  although  the 
association  of  Dactylanthus  with  the  Actiniaria  is  clear,  its  exact  position  within  the 
Actiniaria  remains  unresolved. 
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These  18S  sequence  information  confirmed  the  divergence  between  Dendrobrachia 
and  the  Antipatharia,  the  order  in  which  it  was  originally  placed  (Fig.  5).  Dendrobrachia 
paucispina  fell  securely  within  the  octocorals,  specifically  with  two  species  of  the  Suborder 
Holaxonia  {Lepidisis  sp.  and  Narella  bowersi),  and  the  unusual  pennatulacean  Umbellula 
sp..  Opresko  and  Bayer  (1991)  stated  that  Dendrobrachia  is  clearly  an  octocoral,  based  on 
its  definitively  gorgonian  polyp  structure.  Although  the  genus  has  a  spiny,  chitinous 
skeleton  and  lacks  free  sclerites,  these  are  the  only  characters  shared  with  the  Antipatharia. 
Opresko  and  Bayer  (1991)  suggested  that  Dendrobrachia  may  be  associated  with  the 
Family  Chrysogorgia,  which  is  also  within  the  Suborder  Holaxonia,  and  my  analyses  were 
consistent  with  this  hypothesis.  It  appears  the  skeletal  composition  is  less  important  than 
polyp  morphology  for  indicating  taxonomic  affinities  for  this  group.  A  more 
comprehensive  discussion  of  the  phylogenetic  position  of  D.  paucispina  appears  in  Chapter 
4. 

Conclusions 

These  analyses  of  18S  rDNA  data  indicate  that  the  three-subclass  system  as  it  exists 
currently  is  not  reflective  of  the  evolutionary  history  of  the  Anthozoa.  A  three-subclass 
system  may  indeed  be  accurate,  with  the  Ceriantharia  designated  a  subclass  with  the 
Hexacorallia  and  the  Octocorallia.  The  orders  Ceriantharia  and  Antipatharia,  united 
currently  within  the  Subclass  Ceriantipatharia,  however,  are  genetically  disparate  groups. 
My  data  support  the  hypothesis  that  the  Order  Ceriantharia  is  ancestral  to  the  Subclass 
Hexacorallia,  while  the  Antipatharia  are  sister-taxa  to  the  Zoanthidea  and  are  highly  derived 
within  the  Hexacorallia  (as  from  Brook  1889,  Hickson  1906,  and  Hadzi  1963).  Although 
the  most  likely  tree  supports  this  conclusion,  I  cannot  reject  alternate  hypotheses  for  the 
placement  of  the  Ceriantharia  as  ancestral  to  the  Anthozoa  (as  shown  by  Song  &  Won 
1997).  The  phylogenetic  affinities  of  the  Ceriantharia  could  not  be  determined  reliably 
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using  these  data.  It  is  clear  that  they  are  highly  divergent  from  the  remaining  Anthozoa,  but 
their  ancestry  remains  uncertain. 

The  Subclass  Octocorallia,  as  well  as  the  orders  Actiniaria,  Scleractinia, 

Zoanthidea,  Ceriantharia,  and  Antipatharia  were  each  well-supported  monophyletic 
groupings.  The  Order  Corallimorpharia  did  not  appear  to  be  monophyletic,  however,  and 
my  results  show  that  its  affinities  lie  with  the  scleractinians.  The  internal  mesentery 
structure  appears  to  be  a  better  character  than  the  presence  of  a  skeleton  for  indicating 
evolutionary  patterns  of  the  Corallimorpharia.  This  was  suggested  with  the  historical 
association  of  the  Scleractinia  and  the  Corallimorpharia  within  the  Madreporaria,  separate 
from  the  Actiniaria.  Sequence  information  from  genes  with  higher  levels  of  divergence,  as 
well  as  from  additional  species  of  Corallimorpharia,  will  likely  be  necessary  to  establish  the 
relationships  between  the  Corallimorpharia  and  the  Scleractinia. 

The  phylogenetic  affinities  of  the  Ptychodactiaria  and  the  genus  Dendrobrachia, 
both  of  which  have  been  equivocal,  were  established  using  18S  sequence  information.  The 
ptychodactiarian  Dactylanthus  was  not  genetically  distinct  from  the  Actiniaria,  a  result 
which  is  consistent  with  their  original  familial  designation  within  the  Actiniaria.  My 
sequence  information  suggested  an  association  of  Dactylanthus  with  the  Tribe  Athenaria, 
but  a  more  specific  classification  will  require  further  sampling  within  the  Actiniaria. 

Sequence  information  showed  that  Dendrobrachia  was  allied  with  the  Octocorallia, 
as  has  been  predicted  from  recent  morphological  work.  My  analyses  placed  Dendrobrachia 
closest  to  members  of  the  Suborder  Scleraxonia  and  the  pennatulacean  Umbellula.  Again, 
further  analyses  including  a  more  complete  representation  of  the  octocorals  will  be 
necessary  to  firmly  establish  its  phylogenetic  position  within  the  subclass. 

This  study  has  provided  the  most  complete  analysis  of  relationships  across  the 
Anthozoa  to  date.  I  have  used  the  full  18S  rDNA  sequence  for  38  species  across  all  extant 
orders,  and  have  conducted  Maximum  Likelihood  techniques  employing  appropriate 
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models  of  evolution  for  this  gene.  Nuclear  18S  sequence  data  have  clearly  shown  the 
major  divisions  within  the  Anthozoa,  and  suggested  phylogenetic  affinities  for  species  that 
had  been  enigmatic.  Sequence  information  suggests  that  skeletal  properties  may  not  be  a 
defining  character  indicating  evolutionary  relationships  within  the  Anthozoa.  Not  all  of  the 
alternate  hypotheses  arising  from  other  molecular  studies  can  be  supported  or  refuted  with 
these  data.  Sequence  information  from  additional  genes  and  additional  species  will  be 
necessary  to  establish  the  specific  relationships  investigated  here. 
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Chapter  4 


Phylogenetic  Relationships  within  the  Subclass  Octocorallia 
(Phylum  Cnidaria:  Class  Anthozoa),  Based  on  Nuclear  18S 
rRNA  Sequence  Information 
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Abstract 

Historically,  the  Subclass  Octocorallia  was  divided  into  seven  orders:  Helioporacea 
(Coenothecalia),  Protoalcyonaria,  Stolonifera,  Telestacea,  Alcyonacea,  Gorgonacea,  and 
Pennatulacea.  It  has  been  argued  that  this  arrangement  exaggerates  the  amount  of 
variability  present  among  the  species  of  the  Octocorallia.  The  current  taxonomy  recognizes 
the  two  orders  of  Helioporacea  (blue  corals)  and  Pennatulacea  (sea  pens),  and  assembles 
the  remaining  species  into  a  third  order,  Alcyonacea.  The  species  within  the  Alcyonacea 
exhibit  a  gradual  continuum  of  morphological  forms,  making  it  difficult  to  establish 
concrete  divisions  among  them.  The  subordinal  divisions  within  the  Alcyonacea 
correspond  loosely  to  the  traditional  ordinal  divisions.  In  this  study  I  used  molecular 
techniques  to  address  the  validity  of  the  historical  ordinal  divisions  and  the  current 
subordinal  divisions  within  the  Subclass  Octocorallia.  I  also  explore  the  phylogenetic 
affinities  of  the  species  Dendrobrachia  paucispina,  which  was  originally  classified  in  the 
Order  Antipatharia  (Subclass  Ceriantipatharia).  Polyp  structure  indicates  a  closer  affinity 
between  Dendrobrachia  and  the  Subclass  Octocorallia.  I  have  determined  the  nuclear  18S 
rRNA  sequences  for  41  species  of  octocorals,  and  use  these  to  construct  a  molecular 
phylogeny  of  the  subclass.  I  utilize  Maximum  Likelihood  techniques,  employing  a  realistic 
model  of  evolution  for  these  species  and  this  data  set.  The  most  likely  trees  from  these 
sequence  data  indicate  three  clades,  and  do  not  support  the  morphological  taxonomy  of  the 
Octocorallia.  The  Order  Pennatulacea  is  the  most  cohesive  group  within  the  subclass,  but 
is  not  monophyletic.  One  clade  is  undifferentiated  and  contains  half  of  the  species  in  this 
analysis.  The  third  clade  contains  members  from  three  suborders  of  the  Alcyonacea,  and 
one  member  of  the  Pennatulacea.  These  data  cannot  be  used  to  distinguish  among  the 
branching  order  of  these  three  clades.  The  morphological  character  of  dimorphism  (the 
presence  of  both  autozooids  and  siphonozooids  within  a  single  colony)  corresponds 
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loosely  with  the  topology  of  the  most  likely  trees,  and  the  monophyly  of  dimorphism 
cannot  be  rejected  from  these  data.  The  species  Dendrobrachia  paucispina  has  a  close 
affinity  with  the  genera  Corallium  and  Paragorgia  (Alcyonacea:  Scleraxonia),  although  its 
morphology  suggests  it  is  more  similar  to  the  genus  Chrysogorgia  (Alcyonacea: 

Holaxonia).  The  genetic  divergence  found  within  genera  is  approximately  equivalent  to 
that  found  in  other  invertebrates,  but  the  divergence  found  within  families  is  greater  in  the 
octocorals  than  in  other  invertebrates.  This  difference  may  reflect  the  inappropriate 
inclusion  of  evolutionarily  divergent  genera  within  octocorallian  families.  I  have  employed 
appropriate  evolutionary  models  for  maximum  likelihood  analyses  in  this  study,  utilizing 
complete  18S  rDNA  sequences  from  the  majority  of  families  within  the  Octocorallia.  Many 
of  the  relationships  within  the  Octocorallia,  however,  remain  ambiguous. 

Introduction 

The  Subclass  Octocorallia  (Phylum  Cnidaria)  contains  many  well-known  species  of 
invertebrates,  including  soft  corals,  gorgonians,  sea  pens,  and  blue  corals.  They  are 
exclusively  polyp-shaped,  and  constitute  a  well-defined  morphologic  group.  Several 
characters  unite  them:  nematocyst  stmcture,  tentacle  number  and  stmcture,  and  the  number 
and  structure  of  their  mesenteries  (divisions  within  the  gastrovascular  cavity).  The 
octocorals  are  relatively  simple  taxa  morphologically,  however,  with  few  remaining 
characters  with  which  to  distinguish  taxonomic  groupings  within  this  subclass.  They  can 
be  solitary  or  colonial,  and  may  possess  a  skeleton  consisting  of  a  calcium  and/or  chitinous 
axis  and  extra-skeletal  calcium-carbonate  spicules.  The  axial  stmcture  and  the  spicular  size, 
stmcture  and  arrangement  are  particularly  useful  for  distinguishing  among  groups  at  all 
taxonomic  levels  within  the  octocorals.  Other  characters  which  are  used  to  determine 
taxonomic  groupings  include  the  distribution  of  polyps  and  the  budding  pattern  of  new 
polyps,  monomorphic  vs.  dimorphic  colonies  (autozooids  and  siphonozooids  within  the 
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same  colony),  and  the  nature  and  arrangement  of  the  calcium-carbonate  spicules  (Bayer 
1956).  The  taxonomic  characters  available  are  so  few  that  entire  groups  may  have  been 
defined  based  solely  on  a  single  characteristic  (Hickson  1930).  The  fossil  record  for  these 
species  is  also  incomplete,  contributing  little  towards  the  reconstmction  of  their  evolution. 

The  traditional  taxonomy  for  the  Octocorallia  divides  the  subclass  into  seven  orders: 
Helioporacea  (Coenothecalia),  Protoalcyonaria,  Stolonifera,  Telestacea,  Alcyonacea, 
Gorgonacea,  and  Pennatulacea  (Fig.  1  A).  Morphology,  however,  distinguishes  only  two 
unique  groups  within  the  Octocorallia:  the  orders  Helioporacea  (blue  corals)  and 
Pennatulacea  (sea  pens)  (Bayer  1956,  Bayer  1973).  The  Helioporacea  lack  spicules,  and 
form  a  massive  crystalline  aragonite  skeleton,  similar  to  some  Hydrozoa  and  Scleractinia. 
The  Pennatulacea  are  colonial  and  are  dimorphic.  The  primary  axial  polyp  is  elongated  and 
anchored  into  soft  sediment,  and  the  secondary  autozooids  branch  from  these  primary 
polyps.  Pennatulaceans  are  the  most  advanced  in  terms  of  their  colonial  complexity, 
functional  specialization  of  zooids,  and  colonial  integration  (Bayer  1973). 

The  remaining  species  within  the  subclass  are  less  easily  classified  based  on 
morphology.  One  group  of  families  (Ellisellidae,  Ifalukellidae,  Chrysogorgiidae,  and 
Primnoidae)  within  the  original  Order  Gorgonacea  (Suborder  Holaxonia)  is  clearly  distinct 
from  the  remaining  alcyonaceans  based  on  its  complete  lack  of  chambered  axial  medulla. 
These  families  are  sometimes  grouped  together  as  the  'restricted  Holaxonia'  (Bayer  1981). 
Firm  divisions  among  the  remaining  species  cannot  be  made  on  the  basis  of  morphology. 
All  degrees  of  colonial  organization  and  skeletal  form  occur  in  a  nearly  uninterrupted 
continuum,  and  all  of  the  major  body  plans  are  linked  by  intermediate  forms  that  make  strict 
morphological  divisions  difficult  (Bayer  1973,  Bayer  1981). 

Although  traditional  taxonomy  recognizes  seven  distinct  orders,  several  species 
form  morphological  links  between  these  groups:  species  of  Telestula  that  were  originally 
assigned  with  Clavularia  link  the  Stolonifera  and  the  Telestacea;  Protodendron  repens  and 
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Suborder  Scleraxonia 
Suborder  Holaxonia 
Order  Pennatulacea 
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Fig.  1  Taxonomic  classifications  of  the  Subclass  Octocorallia. 

A)  Traditional  classifications,  e.g.  Deichmann  (1936),  Hyman  (1940). 

B)  Revised  classifications,  from  Bayer  (1981). 
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Maasella  radicans  combine  attributes  of  the  Stolonifera  and  the  Alcyonacea;  the  families 
Paragorgiidae  and  Briareidae  have  been  assigned  alternately  to  the  Alcyonacea  and 
Gorgonacea;  species  of  Keroeides,  Lignella,  and  Ideogorgia  exhibit  both  the  proteinaceous 
cross-chambered  axis  of  the  Holaxonia  and  the  axial  sclerites  typical  of  the  Scleraxonia 
(Bayer  1981).  Bayer  (1981)  suggested  that  the  amount  of  variation  among  these  species 
was  insufficient  to  warrant  distinction  at  the  ordinal  level,  and  revised  the  classification 
accordingly.  The  orders  Helioporacea  and  Pennatulacea  were  retained,  and  the  remaining 
groups  were  established  as  suborders  (listed  with  increasing  level  of  colonial  complexity) 
within  the  Order  Alcyonacea  (Fig.  IB).  The  remainder  of  the  present  paper  will  use 
Bayer's  classification  system  as  the  reference. 

The  origins  of  the  Octocorallia  and  their  subsequent  evolution  remain  to  be 
determined,  although  the  ancestral  octocoral  was  likely  solitary  (Bayer  1973).  The 
Pennatulacea  are  thought  to  be  a  very  old  group,  however,  although  their  precise  origins 
are  unclear.  Pennatulacean-like  species  have  been  discovered  from  the  Precambrian, 
preceding  the  appearance  of  any  known  gorgonian  species  (Bayer  1955,  Bayer  1973).  The 
Pennatulacea  share  morphological  similarities  with  a  number  of  alcyonacean  species. 
Hickson  (1916)  suggested  that  the  pennatulid  Family  Veretillidae  may  be  the  most  primitive 
of  the  sea  pens,  and  noted  a  similarity  between  the  veretillids  and  a  species  of 
Sarcophytum,  rendmedAnthomastus  (Alcyonacea:  Alcyoniidae).  The  pennatulacean  axial 
structure  also  has  similarities  to  those  of  the  gorgonian  families  Ellisellidae  and  Isididae,  in 
patterns  of  chitinous  and  calcareous  material  extending  outward  from  a  calcareous  core 
(Bayer  1955).  Alternatively,  the  pennatulaceans  may  have  arisen  from  a  Telesto-like 
ancestor,  the  colony  morphology  of  which  superficially  resembles  that  of  the  Pennatulacea 
(Bayer  1956,  Bayer  1973).  In  1900,  Bourne  proposed  uniting  the  Pennatulacea  and  the 
Telestacea  into  a  single  group  (cited  in  Hickson  1916).  The  lack  of  any  known 
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morphological  intermediates  between  the  Pennatulacea  and  the  other  members  of  the 
subclass  makes  it  difficult  to  establish  evolutionary  pathways. 

In  this  study  I  utilized  18S  rRNA  molecular  sequences  to  examine  phylogenetic 
relationships  within  the  Subclass  Octocorallia.  Molecular  sequences  can  be  used  as 
additional  characters,  and  can  be  useful  for  suggesting  relationships  among  taxa  with  few 
morphological  characters.  The  nuclear  18S  rRNA  gene  has  been  useful  in  addressing 
questions  on  a  variety  of  evolutionary  scales,  including  relationships  at  the  ordinal  level, 
(e.g.  Kelly-Borges  et  al.  1991,  Hay  et  al.  1995)  and  the  family  level  (e.g.  Kuznedelov  & 
Timoshkin  1993,  Fitch  et  al.  1995). 

The  present  phylogenetic  analyses  were  based  on  complete  18S  rDNA  sequences 
from  41  species  of  octocorals,  plus  partial  sequences  for  three  additional  species.  I  utilized 
Maximum  Likelihood  (ML)  techniques,  employing  an  evolutionary  model  applicable  to  the 
gene  and  organisms  included  in  this  study  (Swofford  et  al.  1996,  Huelsenbeck  &  Crandall 
1997).  It  is  particularly  important  to  use  realistic  evolutionary  algorithms  when  including 
this  many  taxa  and  basepairs.  The  amount  of  error  introduced  into  an  analysis  through  the 
use  of  inappropriate  models  may  overwhelm  the  phylogenetic  information  contained  in  the 
data  set  (DeSalle  et  al.  1994,  Rzhetsky  &  Nei  1995). 

The  specific  goals  of  this  study  were  to  examine  the  primary  phylogenetic 
groupings  within  the  Subclass  Octocorallia.  I  explored  the  genetic  divisions  within  the 
Subclass  Octocorallia  with  three  primary  inquiries:  1)  is  there  molecular  support  for  the 
either  the  historical  ordinal  divisions,  or  the  subordinal  divisions  as  they  stand  today,  2)  is 
there  genetic  evidence  for  distinct  divisions  for  the  Helioporacea  and  Pennatulacea,  and  3) 
is  there  any  support  for  the  ancestral  nature  of  the  Pennatulacea?  The  levels  of  genetic 
differentiation  measured  among  groups  was  compared  between  orders  within  the  Subclass 
Octocorallia  and  the  Subclass  Hexacorallia  (Phylum  Cnidaria).  The  hexacorals  are  likely 
appropriate  models  because  they  are  closely  related  species,  and  their  orders  are  fairly  well 
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defined  both  on  a  morphological  and  a  molecular  level  (Bemtson  et  al.  in  prep).  Traditional 
morphological  characters  were  compared  phylogenetic  groupings  found  to  evaluate  which 
ones  appeared  to  provide  the  most  taxonomic  information. 

The  final  portion  of  this  study  examined  the  phylogentic  affinities  of  the  intriguing 
species  Dendrobrachia  paucispina.  This  genus  was  originally  classified  with  the  Order 
Antipatharia  (black  corals)  based  on  its  chitinous,  spiny  axis  and  its  lack  of  sclerites.  A 
thorough  examination  of  the  polyp  stmcture  was  not  possible  at  that  time  due  to  poor 
sample  preservation  (Brook  1889).  Even  without  information  on  polyp  morphology. 

Brook  (1889)  noted  similarities  in  the  axial  stmcture  between  Dendrobrachia  and  the  Order 
Gorgonacea,  but  Dendrobrachia  was  placed  with  the  Antipatharia  because  it  lacked  free 
sclerites.  Recent  morphological  studies  of  this  genus  have  determined  that  the  polyp 
stmcture  places  Dendrobrachia  unequivocally  within  the  Subclass  Octocorallia,  specifically 
with  members  of  the  Family  Chrysogorgiidae  (Alcyonacea:  Holaxonia)  (Opresko  &  Bayer 
1991).  Our  previous  work  with  18S  rDNA  sequence  information  (Bemtson  et  al.  in  prep) 
suggested  that  Dendrobrachia  has  phylogenetic  affinities  with  the  octocorals,  although  our 
sampling  at  that  time  was  insufficient  to  suggest  its  familial  position.  The  present  study 
provides  sequences  from  all  of  the  ordinal  and  subordinal  groups  within  the  Octocorallia, 
including  22  of  the  30  extant  families  of  Alcyonacea.  This  level  of  sampling  was  designed 
to  determine  whether  Dendrobrachia  was  most  closely  related  to  the  Chrysogorgiidae  as 
predicted  from  morphology. 

Methods 

Specimens 

The  species  used  in  this  study  (Table  1)  were  obtained  from  several  sources.  Forty 
sequences  were  determined  for  this  work,  and  13  additional  sequences  (including 
outgroups)  were  taken  from  Genbank.  Ten  of  the  octocoral  specimens  and  the  specimen  of 
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Table  1  Specimens  used  in  phylogenetic  analyses.  Species  of  Placozoa, 
Porifera,  Ctenophora,  Hydrozoa  and  Cubozoa  were  used  as 
outgroups.  ID#  refers  to  museum  accession  numbers  or  to 
collection  number.  Specimen  sources  are  as  follows:  AJ, 
courtesy  of  Ardis  Johnston  and  the  Harvard  Museum  of 
Comparative  Zoology;  Bishop  Seamount,  18.8°N  159.1  °W;  CG 
courtesy  of  Constance  Gramlich,  University  of  California,  San 
Diego;  Cross  Seamount,  18.7°N  158.3° W;  Fieberling  Guyot, 
32.1°N  127.8°W;  Pensacola  Seamount,  18.3°N  157.3°W; 

NMNH,  provided  by  Dr.  Frederick  Bayer,  National  Museum  of 
Natural  History,  Smithsonian;  TG,  courtesy  of  Tamar  Goulet, 
State  University  of  New  York,  Buffalo. 
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Subclass  Octocorallia 
Order  Helioporacea 

Family  Helioporidae 

Heliopora  coerulea  (partial)  Aru  Island,  Indonesia,  1  79529  AF052923 
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Family  Paragorgiidae 

Paragorgia  sp.  Fieberling  Guyot,  490  m  AD2301-1  AF052917 

Family  Coralliidae 

Corallium  kishinouyei  Cross  Seamount,  HI,  1145  m  CR105-1,  NMNH  94462  AF052918 

Corallium  cf.  ducale  Cross  Seamount,  HI,  1370  m  CR202-2  AF052919 


O  >5-  '<  g 

^  I-  ^  r  I 


»  to 
^  5  5S,  » 
Z|S=5- 


L3 

<L 

51 

5 

o 

S' 

CP 

5s 

CP 

J2- 

5S* 

CO 

Oq 

s: 

• 

3 

03  03 

§.  3, 

^  Q 

ST  E.  ^  S“ 
^  S'  S 

O  2n* 


00 

c 

cr 

^  R 

^  S' 

3  S 

Q  S*  a- 

05  §  5 
<  5^.  5:i 


::y- 

Ci 

s: 


03  ^ 

3  o 

i-H  ^ 

CD  c« 

03  00 
Crt  o 
t— t  03 
crt  3 

si 

CL  E 
•no 

la  ►-!-( 

D 

03 

is 

^3 


00 

§ 

CD 


§ 

CL 


hd 

§ 

03 

3 

o 


o 

c 


> 

c 

OP 


«-h  TJ 

o 


cn  SL 


O 

c 


o 

CL 

00 

O 

O 


03 

3 

o- 

k 

c 


2: 

2 


o 

a- 

00 

'h 

o 


3  o  o 

g.§  S  § 

^  cr  3  cr 

Crt  3  ^  3 
3  ^ 

:s 

'<  - 

o 


>  g: 


ON 

O 


3  5 


r 

03 

3 

E. 


Cl- 

CT* 


00 

>3 

o 

3* 

O 


On 

9 

cx 

o 


W 

5] 

> 

o 


p 

o 

3 

03 

o 


CC  3 


03 


3- 

3 


O 

03 


N) 

N> 

O 


2 

2 

X 


03 

3 

Cl 

Vi 

2 

S 

2 

3: 


U\ 

Ln 

oo 


o 

3 

CD 

o 

> 

oo 

3 

n 

o 


03 

OQ 

O 

•V 

o 

3 

3 

3* 

GO 

C 


2 

N 

4L. 

O 

I 

LO 

ro 

o 


O 

Ui 

OO 

U\ 

> 

u 

> 

'O 

Ux 

a\ 

•o 

NO 

-0^ 

O 

> 

t— 1 

oo 

to 

o 

oo 

LA 

CO 

o 

On 

1 

4^ 

04 

to 

On 

■o 

NO 

to 

1— * 

oo 

1 

00 

2 

n: 


N> 


> 

> 

> 

> 

> 

> 

>  N  >  N 

> 

> 

> 

> 

> 

•n 

CD 

'Td 

Tl 

S 

•n 

dd 

Dd 

Dd 

o 

O 

o 

o 

o 

O 

o  s 

o 

o 

o 

o 

o 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

to 

to 

to 

to 

to 

to 

to  ^  to  g 

to 

to 

to 

to 

to 

\D 

VO 

VO 

VO 

VO 

VO 

VO  ^  oo  ^ 

VO 

VO 

VO 

VO 

VO 

to 

LO 

to 

to 

to  oo 

04 

o 

04 

o 

LA 

to 

to 

>-* 

•o 

4L. 

1—  I—*. 

to 

VO 

OO 

oo 

134 


Order  Alcyonacea 

Suborder  Protoalcyonaria 
Family  Taiaroidae 
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Family  Melithaeidae 

Melitella  sp,  Okinawa  Archipelago,  Japan,  16  OK1078KM  AF052929 

Suborder  Holaxonia 


Tl 

O  to 

3  3 

§  ^  <  .5'  ^ 

o  £,  K  SO 

“  ^  .  c 


Crt  *T3 


R  XJ 


ol  2 


®-?s 


00 

c 

cr 

o 

3- 

CP 

•-1 

c/3  S 

i-l- 

o  i; 

s| 

o  « 

jn  cfl 

p  *73 

CP  . 


XI  X 

p  p 

3  3 

'5'  ^  5^'5 


c  s. 
3  §= 

cr 

CP 


^^2 

3-C;:  P 
^  CP 


?o  S  n 

§  ■§  3 

c:  £.  o 

£  =  'S 

^  e; 


P 

CP 


tA 

^  P 
•  CP 


2 

% 

2 

O 

CP 

W 

p 

§ 

GO 

GO 

05 

3 

3" 

cn 

V3 

crt 

05^ 

o“ 

P 

00 

o’ 

O* 

o* 

P 

3 

o' 

rs 

3 

3 

3 

?*r 

p 

05 

3 

W 

td 

w 

dd 

p 

p 

p 

p 

4^ 

n 

O 

o 

•-0 

O 

> 

> 

> 

3 

> 

'Z 

oo 

oo 

00 

oo 

3 

3 

3 

z 

3 

o 

o 

o 

ac 

n 

O 

o 

Q 

o 

W 


or 

O 

X3 

00 

CP 

p 

3 

o 


4i^ 

O 


0^ 

dd 

l-H 

o 

'-J 

> 

> 

> 

N 

> 

> 

> 

XI 

Xj 

XI 

VO 

XI 

XI 

Xj 

o 

o 

o 

to 

o 

o 

o 

LA 

Lfi 

LA 

VO 

LA 

LA 

LA 

N) 

to 

to 

to 

to 

to 

VO 

VD 

VO 

LA 

VO 

LO 

U> 

O 

OO 

O 

4^ 

t— * 

136 


Order  Pennatulacea 

Suborder  Sessiliflorae 
Family  Anthoptilidae 

Anthoptilum  cf.  grandiflorum  Keanapapa  Pt,,  Lanai,  HI,  1226  m  LAD-35  AF052933 


Dendrobrachia  paucispina  were  acquired  from  Dr.  Frederick  Bayer  of  the  National  Museum 
of  Natural  History  and  Ardis  Johnston  of  the  Harvard  Museum  for  Comparative  Zoology. 
These  specimens  had  been  stored  in  ethanol  for  periods  ranging  from  two  to  50  years.  No 
information  was  available  as  to  whether  the  samples  were  fixed  originally  in  ethanol  or  in 
formalin.  Fresh  specimens  of  octocorals  and  Actiniaria  were  collected  by  submersible  from 
Hawaiian  seamounts  (using  the  Pisces  V  submersible,  operated  by  the  Hawaiian  Undersea 
Research  Laboratory  at  the  University  of  Hawaii)  and  Fieberling  Guyot  (using  the  Alvin 
submersible,  operated  by  the  Woods  Hole  Oceanographic  Institution).  The  specimens 
collected  from  these  dives  were  frozen  in  liquid  nitrogen  or  frozen  at  -20°C.  Other 
octocoral  specimens  were  collected  in  US  waters  by  snorkeling  or  SCUBA.  DNA 
extractions  of  several  octocorals  were  donated  by  Dr.  Tamar  Goulet  of  the  State  University 
of  New  York,  Buffalo. 

DNA  Extraction  Protocol 

The  extraction  protocols  were  based  on  those  described  by  Coffroth  et  al.  (1992) 
and  Winnepenninckx  et  al.(1993).  Five  to  ten  polyps  of  fresh  or  frozen  tissues  were 
minced  with  a  razor  blade  and  placed  in  a  1.5-ml  eppendorf  tube  with  600  |i,l  of  2X 
cetyltrimethylammonium  bromide  (CTAB)  buffer  ((1.4M  NaCl,  0.02M  EDTA,  O.IM  Tris- 
HCl  (pH  8.0),  2%  CTAB  (Sigma  Chemical  Co.),  and  0.2%  beta-mercaptoethanol)).  A 
plastic  dounce  was  employed  to  further  shear  the  tissue,  and  an  additional  300  |J,1  of  2X 
CTAB  was  added.  The  samples  were  placed  at  55°C  and  digested  with  5  p,l  of  proteinase 
K  (20  mg/ml)  for  approximately  two  hours.  The  tissues  were  extracted  once  with  an  equal 
volume  of  24: 1  chloroformtisoamyl  alcohol,  and  precipitated  in  two  volumes  of  cold  95% 
ethanol  at  -20°C  overnight.  The  tubes  were  centrifuged  at  10,000xg  for  30  minutes,  and 
the  ethanol  was  removed.  The  pellets  were  washed  in  500  jil  cold  70%  ethanol,  and  the 
tubes  were  centrifuged  at  7,000xg  for  15  minutes.  The  ethanol  was  removed,  and  the 
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pellets  dried  at  room  temperature.  The  pellets  were  resuspended  in  50  |il  of  TE  buffer  (10 
mM  Tris-HCl  (pH  8.0),  1  mM  EDTA  (pH  8.0))  and  placed  at  4'’C  for  three  to  four  hours 
before  visualization  on  an  agarose  gel. 

The  DNA  extraction  protocol  for  the  archival  specimens  differed  slightly.  Five  to 
ten  polyps  of  the  ethanol-stored  specimens  were  placed  on  ice  in  2  to  10  ml  2X  CTAB 
buffer  for  up  to  24  hours,  with  the  buffer  replaced  several  times  during  this  period.  The 
buffer  was  removed,  and  the  tissue  minced  finely  with  a  razor  blade  as  above.  The  tissues 
were  incubated  with  proteinase  K  at  55°C  for  24  hours,  with  periodic  agitation.  Another  5 
p,l  of  proteinase  K  was  added,  and  the  tissues  continued  to  digest  for  an  additional  eight  to 
twelve  hours.  The  subsequent  extraction  procedure  followed  as  above. 

DNA  Amplification  Protocols 

Pipet  tips  with  a  filter  barrier  were  used  throughout  this  process  to  guard  against 
contamination  of  the  reactions.  Negative  controls  were  included  during  the  DNA 
extractions  and  PCR  reactions  to  detect  contamination  if  it  did  occur.  Each  extracted  DNA 
sample  was  diluted  1 : 10  in  TE  buffer,  and  2  |i,l  of  that  dilution  was  used  in  a  50-|il  PCR 
reaction.  Modified  versions  of  the  universal  eukaryotic  primers  A  and  B  (with  the 
polylinkers  removed)  from  Medlin  et  al.  (1988)  were  used  in  the  initial  DNA  amplifications 
of  the  18S  rRNA  gene.  Primer  sequences  are  as  follows:  A  (forward)  5'- 
AACCTGGTTGATCCTGCCAGT-3',  B  (reverse)-  5'- 

TGATCCTTCTGCAGGTTCACCTAC-3'.  I  found  the  18S  rRNA  gene  to  be  roughly 
1800  basepairs  (bp)  in  length  in  anthozoans.  Thirty-five  cycles  of  PCR  were  carried  out 
using  a  Perkin  Elmer  Thermal  Cycler  480.  The  DNA  was  denatured  at  94°C  for  45 
seconds,  the  primers  and  template  were  annealed  at  55°C  for  one  minute,  and  the  original 
DNA  strand  was  extended  at  72°C  for  90  seconds.  These  35  cycles  were  followed  by  a 
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five  minute  extension  at  72°C.  The  product  was  visualized  on  a  1%  agarose  gel,  and  then 
prepared  for  TA-cloning. 

For  those  archival  specimens  that  yielded  no  visible  PCR  product,  a  second  PCR 
reaction  was  conducted  using  1  p,l  of  product  from  the  initial  PCR  reaction  as  the  template. 
The  amplified  negative  control  (no  DNA  was  added  to  the  tube)  from  the  initial  PCR 
reaction  was  included  in  the  second  reaction,  using  1  p,l  of  the  original  negative  control  as 
template.  The  primers  used  for  the  second  PCR  reaction  were  chosen  to  insure  that  at  least 
one  primer  annealed  internally  to  the  initial  A  and  B  primers.  The  internal  primers  were 
selected  from  a  combination  of  universal  eukaryotic  primers  and  a  set  of  octocoral-specific 
primers  that  I  designed.  The  universal  primers  are  the  following:  373  (forward)  5- 
’GATTCCGGAGAGGGAGCCT-3'  and  1200  (reverse)  5'-GGGCATCACAGACCTG-3' 
(Weekers  et  al.  1994),  514  (forward)  5'-GTGCCAGCMGCCGCGG-3',  1055  (forward) 
5'-GGTGGTGCATGGCCG-3',  and  1055  (reverse)  5'-CGGCCATGCACCACC-3’ 
(Elwood  et  al.  1985),  and  536  (reverse)  5'-WATTACCGCGGCKGCTG-3'  (Lane  et  al. 
1985).  The  taxon-specific  primers  were  designed  to  amplify  anthozoan  DNA,  but  not 
DNA  from  the  potential  contaminants.  The  octocoral-specific  primers  were  designed  from 
alignments  of  GenBank  sequences  of  actiniarians  (listed  in  Table  1),  two  fungi 
{Cryptococcus  neoformans,  GenBank  Accession  #L05428,  and  Bullera  unica,  #D78330), 
potential  epibionts  from  Mollusca  and  Cmstacea  (Mytilus  galloprovincialis,  #L33451,  and 
Stenocypris  major,  #Z22850),  and  a  zooxanthella  symbiont  {Symbiodinium  sp., 

#M88509).  Octocoral  sequences  derived  from  frozen  tissue  in  this  lab  (Table  1)  were 
verified  as  cnidarian  through  a  BLAST  search  of  GenBank  and  were  also  used  in  the 
primer  design.  Octocoral-specific  primer  sequences  are  the  following:  705  (forward)  5'- 
GGTCAGCCGTAAGGTTT-3',  705  (reverse)  5'-CATACCTTTCGGCTGACC-3',  900 
(forward)  5'-GTTGGTTTTTTGAACCGAAG-3',  900  (reverse)  5'- 
CTTCGGTTCTAGAAACCAAC-3’,  1560  (reverse)  5’-GGTGAAGGAGTTACTCGATG- 
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3'.  PCR  primer  pairs  were  chosen  to  include  at  least  one  octocoral-specific  primer,  and  to 
amplify  the  largest  fragment  possible  from  the  archival  specimens.  Further  details  and  the 
rationale  behind  this  technique  are  described  elsewhere  (Bemtson  &  France  in  prep). 

Determination  ofDNA  Sequences 

The  final  PCR  product  was  cloned  using  the  Original  TA  Cloning  Kit  (Invitrogen 
Corporation).  The  PCR  product  was  ligated  into  the  pCR  2.1  cloning  vector,  then 
transformed  into  a  strain  of  INVocF’  cells.  The  plasmid  was  isolated  using  the  Wizard 
Miniprep  DNA  Purification  Kit  (Promega  Corporation)  and  subsequently  used  as  a 
template  for  cycle  sequencing  reactions,  using  the  SequiTherm  EXCEL  Long-Read  DNA 
Sequencing  Kit-LC  (Epicentre  Technologies).  DNA  sequences  were  determined  for  both 
the  forward  and  reverse  strands  of  the  gene.  The  reactions  were  run  on  a  LI-COR  4000 
DNA  Sequencer,  using  infrared-labeled  primers;  M13  (forward)  5'- 
CACGACGTTGTAAAACGAC-3',  M13  (reverse)  5’-GAATAACAATTTCACACAGG- 
3',  514  (forward)  5'-TCTGGTGCCAGCASCCGCGG-3',  536  (reverse)  5'- 
TGGWATTACCGCGGSTGCTG-3',  1055  (forward)  5’-GTGGTGGTGCATGGCCG- 
3',  1055  (reverse)  5'-AAGAACGGCCATGCACCAC-3'.  The  resulting  images  were 
interpreted  using  the  Biolmage  gel  reader  program. 

Sequence  Analysis 

DNA  sequences  were  aligned  first  by  eye,  taking  into  account  secondary  stmcture 
models,  and  with  the  alignment  program  Clustal  W  1.6  (Thompson  et  al.  1994).  Regions 
of  uncertain  alignment  were  eliminated  from  the  final  analyses  (the  nexus  file  is  available 
upon  request).  In  total,  1640  basepairs  were  used  in  the  analyses,  of  which  413  out  of  689 
variable  sites  were  parsimony-informative,  and  276  were  parsimony-uninformative. 
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All  analyses  were  performed  using  test  versions  of  PAUP*  (versions  4d61  and 
4d63)  written  by  David  Swofford  (Swofford  1996,  betatest  version).  An  initial  parsimony 
analysis  of  the  entire  dataset  was  performed,  which  resulted  in  35,000  equally 
parsimonious  trees.  The  likelihood  scores  were  calculated  for  one  of  the  most 
parsimonious  trees,  using  a  variety  of  evolutionary  models.  The  purpose  for  this 
procedure  was  to  identify  the  simplest  model  of  evolution  that  was  still  accurate  for  this 
data  set;  the  simpler  model  will  have  a  lower  variance  (Rzhetsky  &  Nei  1995)  and  will  be 
less  computationally  intensive.  Using  the  Likelihood  Ratio  Test  (LRT)  as  described  by 
Huelsenbeck  and  Rannala  (1997),  the  likelihood  scores  were  calculated  for  each  ML  model 
and  compared  to  the  most  complex  model,  which  is  a  general  time-reversible  (GTR)  model 
incorporating  unequal  base  frequencies  and  among-site  substitution  heterogeneity.  The 
values  of  the  LRT  are  approximately  chi-square  distributed,  with  the  degrees  of  freedom 
equal  to  the  difference  in  free  parameters  between  the  models  being  tested.  Models  for 
which  the  LRT  score  was  greater  than  the  Chi-square  critical  value  were  rejected  as  not 
being  sufficiently  accurate. 

A  strict  consensus  tree  from  the  initial  parsimony  search  was  calculated,  and  it 
indicated  a  large  undifferentiated  clade  (data  not  shown).  A  bootstrap  analysis  using  ML- 
based  distance  calculations  was  also  performed,  and  the  results  showed  strong  support 
(bootstrap  value  =  91)  for  the  existence  of  the  same  undifferentiated  clade  (Fig.  2).  The 
topology  of  the  taxa  within  this  clade  was  fixed  for  subsequent  analyses,  based  on  one  of 
the  equally  parsimonious  trees  found.  This  was  done  for  computational  reasons,  as  it 
effectively  reduced  the  number  of  taxa  in  the  analysis  from  53  to  32.  Without  fixing  this 
clade,  much  of  the  computational  time  would  have  been  utilized  by  these  taxa,  for  which 
there  was  very  low  phylogenetic  signal. 

The  outgroups  chosen  for  these  analyses  were  two  species  from  the  Phylum 
Porifera,  two  species  from  the  Phylum  Ctenophora,  one  species  from  the  Phylum 
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Fig.  2  Bootstrap  analysis  using  distances  calculated  with  maximum 
likelihood  parameters,  showing  the  undifferentiated  clade. 
Undifferentiated  clade  and  outgroups  identified  by  bars. 
Numbers  at  nodes  are  the  percent  that  branch  occurred  in 
subsampled  replicates.  No  taxa  were  fixed  for  this 
computation.  Horizontal  branch  length  does  not  reflect  genetic 
distance  among  taxa. 
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Placozoa,  four  other  species  from  the  Phylum  Cnidaria  (one  each  from  the  classes 
Hydrozoa  and  Cubozoa,  and  two  species  of  anemones.  Class  Anthozoa)  (Table  1).  These 
species  were  previously  shown  to  be  appropriate  outgroups  for  phylogenetic  analyses  of 
the  subclass  divisions  within  the  Anthozoa  (Bemtson  et  al.  in  prep).  Five  replicates  of  a 
ML  analysis  were  performed  using  random  addition  of  taxa  to  find  the  most  likely  trees 
given  this  data  set.  Trees  were  viewed  using  PAUP*  and  the  free-ware  program  Tree  View 
(Page  1996). 

Likelihood  scores  were  also  used  to  test  specific  phylogenetic  hypotheses  relating  to 
the  questions  addressed  with  this  study.  Alternative  evolutionary  hypotheses  were  formed 
by  manipulating  tree  topologies  using  the  computer  program  MacClade  (Maddison  & 
Maddison  1992).  The  Kishino-Hasegawa  test  (KH  Test)  (Kishino  &  Hasegawa  1989) 
within  the  PAUP*  program  was  used  to  compare  the  likelihood  scores  of  those  topologies. 

I  compared  genetic  divergences  within  the  Octocorallia  to  those  found  in  the 
Hexacorallia,  as  well  as  to  divergences  measured  in  other  invertebrates  using  18S 
ribosomal  sequences.  I  used  PAUP*  to  calculate  the  basic  percent  divergence  values  (p- 
distance)  and  the  ML-corrected  distances,  using  the  aligned  and  edited  dataset.  The 
divergences  for  the  Hexacorallia  were  calculated  from  the  data  set  from  another  study 
(Bemtson  et  al.  in  prep). 

Results 

The  results  from  the  Likelihood  Ratio  Test  (LRT)  of  the  original  parsimony  tree 
showed  statistically  (P<0.05)  that  simple  parsimony  and  distance  models  were  insufficient 
to  represent  the  evolution  of  this  gene.  The  only  appropriate  model  for  the  analysis  of  this 
data  set  was  a  General  Time-Reversible  (GTR)  model  with  unequal  base  frequencies  and 
among-site  heterogeneity.  All  simpler  models  were  statistically  inferior  to  the  full  GTR 
model  for  explaining  this  tree,  given  these  data.  The  parameters  estimated  from  the 


144 


parsimony  tree  (Table  2)  were  used  in  a  heuristic  ML  search  consisting  of  five  replicates, 
with  random  addition  of  sequences.  The  parameters  were  re-estimated  using  the  most 
likely  tree  that  was  produced  from  that  ML  analysis,  to  insure  there  were  no  significant 
changes.  The  most  likely  trees  were  found  within  the  first  replicate  in  all  analyses 
conducted. 

Three  equally  likely  trees  were  produced  from  the  ML  analysis,  and  a  representative 
of  these  trees  is  shown  (Fig.  3).  Three  distinct  clades  were  evident  within  the  Octocorallia, 
none  of  which  corresponded  to  current  taxonomy.  The  most  likely  trees  differed  in  the 
branching  order  of  the  basal  nodes  separating  the  three  clades.  This  branching  order  could 
not  be  resolved  statistically  with  the  present  sequence  information. 

Members  of  most  suborders  were  represented  in  all  three  clades.  Clade  A  (Fig.  3) 
had  the  most  phylogenetic  structure  within  it,  as  indicated  by  bootstrap  values  associated 
with  its  topology  (Fig.  2).  Clade  A  (Fig.  3)  contains  primarily  holaxonians  (families 
Chrysogorgiidae,  Isididae,  and  Primnoidae),  but  also  members  from  the  Scleraxonia, 
Pennatulacea,  and  Alcyoniina.  Clade  B  contains  the  majority  of  the  Pennatulacea,  as  well 
as  members  of  the  Stolonifera,  Scleraxonia,  and  Holaxonia.  Clade  C  is  essentially 
undifferentiated,  and  contains  members  of  all  major  groups  except  Pennatulacea.  There  is 
very  little  phylogenetic  signal  present  within  this  clade. 

The  most  likely  trees  provided  support  for  the  current  taxonomy  at  the  level  of 
Family,  for  some  of  the  families  represented  by  multiple  species.  The  families  Ellisellidae, 
Isididae,  and  Primnoidae  (Order  Alcyonacea:  Suborder  Holaxonia)  constituted 
monophyletic  groups  based  on  the  species  chosen  here.  The  most  likely  tree  showed  the 
Coralliidae  (Suborder  Scleraxonia)  to  be  paraphyletic,  with  the  inclusion  of  the  genus 
Dendrobrachia.  Dendrobrachia  could  be  placed  as  sister-taxon  to  the  two  species  of 
Corallium  without  reducing  the  likelihood  of  the  tree  significantly  (KH  Test,  P<0.05).  The 
families  Alcyoniidae  (Order  Alcyonacea:  Suborder  Alcyoniina),  Anthothelidae  (Order 
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Sequence  Parameter 

Value 

Base  frequencies 

A 

0.258 

C 

0.206 

G 

0.264 

T 

0.272 

Substitution  R  matrix 

A/C 

1.0257 

A/G 

2.6331 

ATT 

0.9627 

C/G 

1.3927 

CfT 

4.4228 

Proportion  of  invariant  sites 

0.3761 

Gamma  distribution 

a  0.6455 


Table  2  Sequence  parameter  values  calculated  from  the  18S  rDNA 

used  in  the  present  study.  Values  used  as  input  for  maximum 
likelihood  analyses.  The  R  matrix  contains  base-speciflc 

substitution  rates.  The  gamma  distribution  parameter  a  is  the 
inverse  of  the  coefficient  of  variation  of  the  substitution  rate. 
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Fig.  3  One  of  three  equally  likely  trees  produced  from  maximum 

likelihood  analyses,  with  the  topology  of  species  in  clade  C 
(circled)  fixed  (-Ln  likelihood  =  11129.976).  The  relative 
positions  of  nodes  A,  B  and  C  are  interchangeable  and  equally 
likely.  Glades  marked  with  vertical  bars  contain  dimorphic 
species.  Horizontal  branch  length  reflects  genetic  distance 
among  taxa.  Colors  represent  the  major  taxonomic  groupings 
within  the  Octocorallia.  The  seven  species  in  black  at  the  base 
of  the  tree  are  the  outgroups. 
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Alcyonacea:  Suborder  Scleraxonia),  and  Virgulariidae  (Order  Pennatulacea)  did  not  appear 
to  be  monophyletic.  The  associations  within  the  families  Acanthogorgiidae  and  Plexauridae 
(Order  Alcyonacea;  Suborder  Holaxonia)  could  not  be  determined  from  these  data,  as  they 
fell  within  the  undifferentiated  clade  C. 

The  morphologically  well-defined  groups  within  the  Octocorallia  were  not  well 
supported  genetically.  The  majority  of  the  species  within  the  Order  Pennatulacea  branched 
with  Clade  B,  but  the  genus  Umbellula  fell  in  Clade  A,  basal  to  Anthomastus.  Umbellula 
could  not  be  moved  without  reducing  the  likelihood  of  the  tree  significantly  (KH  Test, 
P<0.05).  The  remaining  Pennatulacea  formed  a  monophyletic  clade,  at  the  base  of  which 
fell  species  from  three  different  suborders.  The  sole  representative  of  the  other  well- 
defined  group  of  octocorals,  the  Heliporacea,  could  not  be  distinguished  from  the 
undifferentiated  Clade  B.  Its  placement,  however,  may  be  an  artifact  resulting  from  an 
incomplete  sequence  (541  bp  out  of  1646  were  used).  The  clear  association  of  the 
'restricted  Holaxonia'  was  also  not  supported  in  these  trees,  as  the  four  families  were 
spread  throughout  all  three  clades. 

Four  taxa  (Erythropodium,  Telestula,  and  two  species  of  Junceella)  were  found  at 
the  base  of  the  pennatulacean  clade  in  each  of  the  three  most  likely  trees  (Fig.  3).  The 
distinct  morphology  of  the  Pennatulacea  does  not  predict  a  close  association  with  these 
taxa.  I  tested  the  support  for  the  placement  of  these  four  taxa  with  the  Pennatulacea  by 
constraining  them  into  each  of  clades  A  and  C,  and  performing  an  heuristic  search  for  the 
most  likely  tree  given  each  of  the  constraints.  These  four  taxa  could  be  placed  at  the  base 
of  either  Clade  A  or  Clade  C  without  reducing  the  likelihood  of  the  tree  significantly  (KH 
Test,  P<0.05). 

Dendrobrachia  paucispina  was  closely  affiliated  with  the  genera  Comllium  and 
Paragorgia,  with  100%  bootstrap  support  (Fig.  2).  Dendrobrachia  could  be  moved  to  all 
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positions  on  the  tree  near  Paragorgia  and  the  two  species  of  Corallium  without  reducing  the 
likelihood  of  the  tree  significantly  (KH  Test,  P<0.05). 

The  morphological  character  of  dimorphism  was  found  in  two  separate  groups:  the 
Pennatulacea,  and  the  group  containing  Umbellula,  Anthomastus,  Paragorgia,  and 
Corallium  (Fig.  3).  I  forced  monophyly  of  the  dimorphic  species  to  investigate  the 
possibility  that  this  character  arose  once  within  the  Octocorallia.  The  resulting  topology 
(Fig.  4)  did  not  decrease  the  likelihood  significantly  from  the  best  trees  (KH  Test, 

P<0.05).  Erythropodium,  Telestula,  and  the  two  species  of  Junceella  in  the  previous 
paragraph  could  be  moved  to  any  of  positions  1, 2,  or  3  on  this  tree  without  reducing  the 
likelihood  significantly  (KH  Test,  P<0.05). 

The  genetic  divergences  measured  using  p-  and  ML-distance  calculations  from  these 
18S  sequence  data  showed  similarities  between  the  Hexacorallia  and  the  Octocorallia,  as 
well  as  with  other  invertebrates  at  the  higher  taxonomic  levels  (between  classes  within 
Cnidaria  and  orders  within  the  Hexacorallia  and  Octocorallia)  and  at  the  lower  levels 
(within  genera).  Divergences  at  the  intermediate  taxonomic  levels  (between  suborders  and 
within  families)  did  not  agree  as  closely  between  the  Anthozoa  and  other  invertebrates 
(Table  3).  The  ML-corrected  distances  were  slightly  greater  than  the  p-distance  values. 

The  p-distance  divergence  between  classes  in  the  Phylum  Cnidaria  was  approximately  6.8- 
15%,  which  is  comparable  to  those  values  found  among  classes  of  echinoderms  (6.0- 
12.2%)  (Wada  &  Satoh  1994).  The  divergence  among  the  orders  within  the  hexacorals 
(1. 5-8.1%)  was  similar  to  the  divergence  found  between  the  octocorallian  orders 
Pennatulacea  and  Alcyonacea  (1. 3-9.2%),  and  between  the  Helioporacea  and  the 
Alcyonacea  (0.34-8.15%).  The  divergence  within  genera  was  approximately  equivalent  for 
hexacorals  (0.5-1.07%)  and  octocorals  (0.6- 1.6%),  although  it  was  greater  than  that  found 
in  the  bivalve  mollusk  Mytilus  (0.1 -0.6%)  (Kenchington  et  al.  1995). 
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Fig.  4  The  resulting  likelihood  tree  when  the  dimorphic  species  are 

constrained  to  a  single  clade  (-Ln  likelihood  =  11153.843). 

The  topology  of  this  tree  is  not  signiflcantly  less  likely  than 
the  most  likely  tree  (KH  Test,  P<0.05).  The  species  Telestula 
sp.,  Erythrop odium  caribaeorum,  Junceella  racemosa  and 
Junceella  sp.  can  be  placed  at  positions  1,  2  or  3  without  a 
significant  reduction  in  the  likelihood  of  the  tree  (KH  Test, 
P<0.05).  The  seven  species  in  black  at  the  base  of  the  tree  are 
the  outgroups. 
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Table  3  Genetic  divergences  measured  from  nuclear  18S  rDNA. 

Values  represent  raw  p -distances  and  maximum  likelihood- 
corrected  distances.  Estimates  were  made  from  the  aligned, 
edited  data  set. 
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The  divergence  between  suborders  within  the  Hexacorallia  (0.4-4.5%)  was  similar 
to  the  divergence  among  suborders  within  the  Pennatulacea  (1.6-5. 1%),  exclusive  of 
Umbellula  sp.  which  did  not  branch  with  the  other  Pennatulacea.  The  inclusion  of 
Umbellula  raised  the  upper  bound  of  divergence  from  5.1%  to  9.2%  between  suborders. 
This  level  of  divergence  was  much  lower  than  that  found  between  suborders  of  decapod 
crustaceans  (1 1-12.9%)  (Kim  &  Abele  1990).  The  genetic  divergence  among  the 
remaining  suborders  was  more  difficult  to  interpret  for  the  Octocorallia,  because  the 
members  of  many  suborders  were  mixed  within  each  clade  in  my  most  likely  trees  (Fig.  3). 
Therefore  I  measured  the  divergence  between  and  within  the  three  major  clades  from  our 
ML  analyses.  The  divergence  between  the  octocorallian  clades  ranged  from  2.5-9.9%. 
Within  clades,  the  divergence  ranged  from  0.4-8.4%  in  Clade  A,  0.9-6.5%  in  Clade  B,  and 
0.0-5.8%  in  Clade  C.  The  divergence  in  Clade  A  was  roughly  equivalent  to  the  ordinal- 
level  divergence  within  the  Hexacorallia,  but  the  divergence  within  clades  B  and  C  was 
closer  to  the  subordinal-level  divergence  within  the  hexacorals  and  Pennatulacea.  The 
within-family  divergence  of  the  octocorals  (0.4-7.6%)  was  much  higher  than  that  within 
the  hexacorals  (0.4-2.6%)  as  well  as  those  found  in  Mytilidae  (2.7-4.5%)  (Kenchington  et 
al.  1995). 

Discussion 

Phylogenetic  analyses  of  nuclear  18S  sequences  from  Octocorallia  do  not  support 
either  the  historical  or  the  current  classification  system.  The  phylogenetic  clades  evident 
within  the  Subclass  Octocorallia  did  not  correspond  to  the  morphologically  defined  orders 
or  suborders  (Fig.  3).  The  clades  present  were  similar,  however,  to  the  associations  found 
by  France  et  al.  (1996)  using  partial  mt  16S  rDNA  (Fig.  5A).  Mitochondrial  16S  sequence 
information  also  distinguished  three  groups,  with  a  pennatulacean  as  the  basal  branch 
(corresponding  to  my  Clade  B),  an  undifferentiated  clade  containing  species  found  in  my 
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Fig.  5  Previous  molecular  phylogenetic  studies  examining 

relationships  within  the  Octocorallia.  Numbers  at  nodes 
represent  bootstrap  values. 

A)  From  France  et  al.  (1996),  based  on  mitochondrial  16S 
rDNA 

B)  From  Song  and  Won  (1997),  based  on  nuclear  18S  rDNA 
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Clade  C,  and  a  further  unresolved  clade  of  some  of  the  same  species  found  in  my  Clade  A. 
A  previous  study  using  partial  18S  rRNA  sequences  (Song  &  Won  1997)  also  found  the 
one  pennatulacean  species  branching  first  within  the  Octocorallia,  but  only  had  four  other 
species  representing  the  remaining  octocorals  (Fig.  5B).  All  four  of  those  species 
corresponded  to  families  within  my  Clade  C. 

The  morphologically  well-defined  groups  within  the  Octocorallia  (Pennatulacea  and 
Helioporacea)  did  not  form  monophyletic  clades  based  on  18S  sequence  information.  The 
pennatulacean  species  in  this  analysis  formed  a  monophyletic  group,  with  the  exception  of 
the  genus  Umbellula  which  fell  in  Clade  A.  Four  non-pennatulacean  species  branched  at 
the  base  of  the  pennatulacean  clade.  I  could  not  verify  the  putative  ancestral  position  of  the 
Pennatulacea  within  the  Octocorallia  because  the  branching  order  of  the  three  clades  could 
not  be  established  with  these  data.  The  helioporacean  species  Heliopora  was  found  in 
Clade  C  and  was  not  separate  from  the  other  octocorals,  but  this  may  be  a  result  of  using  an 
incomplete  sequence  in  the  analyses.  The  'restricted  Holaxonia,'  the  final  group  of  species 
considered  by  Bayer  (1981)  to  be  distinct,  also  failed  to  form  a  unified  phylogenetic  group. 
Members  of  those  four  families  (Ifalukellidae,  Chrysogorgiidae,  Primnoidae,  and 
Ellisellidae)  could  be  found  in  all  three  clades. 

Morphological  taxonomy  does  not  predict  that  the  genus  Umbellula  would  be  more 
closely  allied  with  Anthomastus,  Paragorgia,  and  Corallium  rather  than  the  other 
Pennatulacea,  given  the  characteristic  morphology  of  the  pennatulaceans.  Umbellula  is 
unique  among  the  Pennatulacea,  however,  in  that  all  of  its  autozooids  form  a  cluster  at  the 
end  of  its  rachis  (Hickson  1930).  Morphologically,  Umbellula  does  have  similarities  to 
the  alcyonacean  species  Anthomastus  with  which  is  it  associated.  Anthomastus  is 
dimorphic,  as  are  Corallium  and  Paragorgia  (also  within  that  subclade).  Anthomastus 
possesses  several  large  autozooids  and  many  small  siphonozooids,  forming  a  distinct  body 
at  the  top  of  a  stalk  devoid  of  polyps  (Bayer  1993a).  Both  Umbellula  and  Anthomastus 
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have  very  large  polyps.  This  resemblance  is  primarily  superficial,  however,  and  further 
investigation  concerning  morphological  similarities  between  Umbellula  and  Anthomastus 
are  necessary. 

The  unusual  genus  Dendrobrachia  was  clearly  associated  with  the  species  of 
Corallium  and  Paragorgia  included  in  these  analyses.  Opresko  and  Bayer  (1991) 
concluded  that  Dendrobrachia  was  more  closely  related  to  the  Family  Chrysogorgiidae, 
based  on  its  resemblance  to  the  two  chrysogorgiid  species  Trichogorgia  lyra  and 
Malacogorgia  {=Trichogorgia)  capensis.  Dendrobrachia  has  a  solid,  chitinous  axis  devoid 
of  calcium,  and  no  free  sclerites.  Malacogorgia  capensis  has  an  identical,  chitinous  axis, 
and  the  axis  of  Trichogorgia  lyra  is  similar  but  contains  calcium  deposits.  Both 
Trichogorgia  lyra  and  Malacogorgia  capensis  lack  free  sclerites,  making  them  the  only 
species  of  Scleraxonia  or  Holaxonia  for  which  this  is  true  (Opresko  &  Bayer  1991).  The 
representative  of  the  Family  Chrysogorgiidae  in  this  analysis  (Chrysogorgia  chryseis) 
branched  within  Clade  A,  as  did  Dendrobrachia,  but  Dendrobrachia  could  not  be  forced  to 
branch  with  Chrysogorgia  or  its  sister  taxa  without  reducing  the  likelihood  of  the  tree 
significantly  (KH  Test,  P>0.05). 

The  morphological  similarities  of  Dendrobrachia  to  Corallium  and  Paragorgia  are 
not  clear.  Although  the  axis  of  Corallium  is  solid,  as  in  Dendrobrachia,  it  is  entirely 
calcareous  (Bayer  1964).  The  axis  of  Paragorgia  contains  chitin  as  well  as  calcium,  but  its 
central  core  is  hollow  (Bayer  1993b).  There  are  no  clear  morphological  connections 
between  Dendrobrachia  and  Corallium. 

There  is  also  morphological  evidence  for  the  association  of  the  genera  Anthomastus 
and  Paragorgia  as  found  from  18S  data  (Fig.  3).  Broch  and  Horridge  (1957)  proposed 
uniting  the  two  genera  within  the  Family  Paragorgiidae.  Both  genera  are  dimorphic,  and 
they  share  similar  forms  of  sclerites.  Broch  and  Horridge  asserted  that  Anthomastus 
differed  from  Paragorgia  only  in  the  lack  of  chitin  in  its  central  axis,  a  character  they  felt  to 


161 


be  less  important  than  the  similarity  in  polyp  and  sclerite  morphology.  Bayer  (1993a) 
dismissed  the  importance  of  sclerite  similarity,  however,  noting  that  the  particular  form  of 
sclerite  the  two  genera  share  is  fairly  common  among  alcyonaceans. 

The  morphological  similarities  between  Corallium  and  Paragorgia  are  numerous. 
Paragorgia  was  historically  considered  to  be  in  the  order  Alcyonacea  (now  the  Suborder 
Alcyoniina),  but  was  later  placed  in  the  Suborder  Scleraxonia  (Bayer  1973).  Their  axial 
stmctures  differ  slightly.  The  axis  of  Corallium  is  solid  and  exclusively  calcareous, 
whereas  the  axis  of  Paragorgia  is  chambered  and  contains  both  calcium  and  chitin.  The 
growth  form  and  sclerite  structure  of  Corallium  and  Paragorgia,  however,  are  virtually 
identical.  Corallium  and  Paragorgia  are  the  only  genera  within  the  Suborder  Scleraxonia 
exhibiting  colony  dimorphism  (Bayer  1964).  The  close  phylogenetic  association  of  the  two 
genera  is  also  indicated  from  mtl6S  rDNA  analyses  (Fig.  5)  (France  et  al.  1996). 

The  importance  of  skeletal  stmctures  has  been  implicit  in  the  creation  of  the  current 
morphological  taxonomy,  specifically  the  subordinal  divisions  (historically  ordinal 
divisions).  The  appearance  of  members  of  all  suborders  in  most  of  the  clades  in  my  trees 
suggests  that  skeletal  stmcture  may  not  be  the  primary  character  indicative  of  evolutionary 
patterns. 

One  character  that  did  correspond  roughly  to  the  observed  branching  pattern  was 
the  presence  or  absence  of  dimorphism  in  colony  morphology.  Dimorphism  occurs  in  all 
species  of  the  Pennatulacea,  as  well  as  several  species  in  the  Family  Alcyoniidae  (Suborder 
Alcyoniina),  and  the  two  families  Coralliidae  and  Paragorgiidae  (Suborder  Scleraxonia). 
The  members  of  the  Suborder  Holaxonia  are  exclusively  monomorphic,  as  are  the  members 
of  the  Protoalcyonacea  and  the  Stolonifera.  The  Order  Helioporacea  is  also  monomorphic 
(Bayer  1973).  There  were  two  small  clades  of  dimorphic  species  from  my  data:  Clade  B 
contained  the  majority  of  the  Pennatulacea,  and  half  of  Clade  A  contained  the  remaining 
pennatulacean  and  the  other  dimorphic  species  in  this  analysis  (Fig.  3).  The  taxa  at  the 
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base  of  the  pennatulacean  clade  (B)  were  monomorphic,  but  could  be  moved  to  clades  A  or 
C  without  reducing  the  likelihood  of  the  tree  significantly.  All  of  the  species  included  in 
our  study  from  the  Suborder  Alcyoniina  are  monomorphic  and  fell  in  Clade  C,  with  the 
exception  of  Anthomastus  which  is  dimorphic  and  branched  with  the  dimorphic  species  in 
Clade  A.  The  correlation  between  the  phylogenetic  groupings  I  found  within  the  Order 
Octocorallia  and  monomorphism  vs.  dimorphism  is  striking. 

The  morphological  similarities  among  the  dimorphic  species  are  so  few,  however, 
that  it  would  seem  likely  that  dimorphism  arose  multiple  times  within  the  Octocorallia. 
Morphologically,  it  is  difficult  to  imagine  a  single  common  ancestor  for  all  of  the  dimorphic 
species.  The  monophyly  of  dimorphism  can  be  forced  topologically,  however  (Fig.  4), 
without  resulting  in  a  significantly  lower  likelihood  for  the  overall  tree  (KH  Test,  P<0.05). 
Dimorphism  may  be  a  functional  constraint,  however,  based  on  colony  structure  rather  than 
common  ancestry.  The  branched,  lobate,  and  massive  octocorals  are  all  dimorphic,  which 
suggests  that  dimorphism  arose  in  response  to  the  need  for  transporting  water  more 
efficiently  through  a  large  structure  (Bayer  1973).  My  analyses  cannot  reject  either  the 
monophyly  or  the  polyphyly  of  the  dimorphic  character. 

The  one  clear  exception  to  the  pattern  of  dimorphism  found  in  our  trees  was  the 
genus  Dendrobrachia,  which  is  entirely  monomorphic,  yet  clustered  tightly  with  the 
dimorphic  genera  Corallium  and  Paragorgia.  The  simplest  way  to  explain  the  association  is 
to  assume  the  dimorphism  trait  was  lost  during  Dendrobrachia"  s  evolution,  although  more 
evidence  is  needed  to  support  such  a  conjecture. 

The  morphological  characters  used  to  derive  the  current  classification  system  do  not 
appear  to  be  reflected  in  the  genetic  associations  I  have  found.  The  relative  importance  of 
several  of  these  characters  to  the  evolutionary  history  of  the  octocorals  needs  to  be  re¬ 
examined.  The  nuclear  18S  rDNA  gene,  however,  may  not  be  appropriate  for  these 
particular  analyses.  Although  the  18S  gene  has  been  used  to  elucidate  phylogenetic 


163 


relationships  at  the  taxonomic  levels  of  order  and  suborder  in  previous  studies  of  other 
invertebrate  taxa,  the  level  of  divergence  18S  rDNA  exhibited  in  the  present  study  did  not 
allow  me  to  distinguish  definitive  phylogenetic  relationships  within  the  Subclass 
Octocorallia.  Analyses  of  18S  rDNA  sequences  could  not  distinguish  relationships  within 
a  large  subset  of  species  within  this  subclass,  those  species  branching  in  Clade  C  of  our 
analyses  (Fig.  3).  The  high  level  of  divergence  found  within  families  may  reflect  incorrect 
familial  designations  within  the  octocorals.  Indeed,  Bayer  (Bayer  1956)  comments  that 
several  genera  are  incorrectly  included  in  existing  families,  and  that  these  relationships  need 
to  be  reassessed  in  many  cases.  There  were  distinct  phylogenetic  groups  indicated  by  18S 
sequence  information,  corresponding  to  the  three  clades  we  found,  but  relationships  within 
those  clades  remains  equivocal.  Sequences  from  a  different  gene,  exhibiting  higher  levels 
of  divergence,  may  be  necessary  to  delineate  relationships  beyond  those  found  in  this 
study. 

Conclusions 

This  study  has  shown  that  the  traditional,  morphological  taxonomy  of  the  Subclass 
Octocorallia  is  not  reflected  in  phylogenetic  structure  as  indicated  from  18S  rRNA  sequence 
information.  Three  phylogenetically  distinct  clades  were  evident,  but  they  do  not 
correspond  to  current  subordinal  divisions.  Nuclear  18S  rDNA  sequence  information  did 
indicate  some  genetic  structure  within  the  Octocorallia,  particularly  in  Clade  A  (Fig.  3). 

The  largest  clade  (Clade  C)  contained  nearly  half  of  the  species  used  in  these  analyses,  but 
the  phylogenetic  signal  was  so  low  that  the  relationships  within  this  clade  could  not  be 
determined  from  these  sequence  data.  A  similar  clade  was  also  present  in  an  earlier 
analysis  using  mtl6S  rDNA  (France  et  al.  1996),  which  may  indicate  this  is  a  ribosomal- 
specific  pattern.  More  likely,  however,  the  branching  similarity  resulting  from  the  two 
independent  data  sets  suggests  that  low  levels  of  divergence  are  truly  reflective  of  the 
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evolutionary  history  of  these  species.  These  low  levels  of  divergence  are  suggestive  of  a 
rapid  radiation  in  the  evolutionary  history  of  these  taxa.  The  morphological  continuum 
present  within  the  Octocorallia  and  the  lack  of  an  extensive  fossil  record,  however,  make  it 
very  difficult  to  substantiate  such  an  hypothesis  using  these  characters. 

The  two  morphologically  well-established  orders,  the  Pennatulaca  and  the 
Helioporacea,  did  not  constitute  entirely  distinct  genetic  entities  in  these  analyses.  The 
majority  of  the  pennatulaceans  in  this  study  were  grouped  together  in  a  monophyletic  clade, 
but  the  genus  Umbellula  was  phylogenetically  distinct  from  the  other  members  of  its  order. 
The  level  of  divergence  between  Heliopora  and  the  remaining  Octocorallia  was  similar  to 
the  divergence  between  the  Pennatulacea  and  the  Alcyonacea,  but  Heliopora  clustered 
tightly  within  the  undifferentiated  Clade  C  (Table  3).  This  close  association  suggests  that 
the  Helioporacea  are  not  highly  differentiated  from  the  Alcyonacea,  although  additional 
specimens  and  complete  sequences  from  the  Helioporacea  may  be  necessary  to  confirm  this 
hypothesis.  Additional  specimens  from  the  Pennatulacea  and  Umbellula  would  be  essential 
for  confirming  or  refuting  the  genetic  divergence  of  Umbellula  from  the  otherwise 
monophyletic  Pennatulacea. 

The  morphological  characters  of  axial  composition,  sclerite  form  and  arrangement, 
and  general  colony  configuration  are  the  primary  characters  that  have  been  used  to  create 
the  ordinal  and  subordinal  groupings  within  the  Subclass  Octocorallia.  There  was  very 
little  correlation  between  those  characters  and  the  phylogenetic  groups  indicated  with  18S 
sequence  information.  The  character  of  monomorphism  vs.  dimorphism  appeared 
relatively  consistent  in  the  trees  I  have  produced,  as  all  of  the  dimorphic  species  in  this 
analysis  clustered  in  two  clades.  The  placement  of  the  monomorphic  genus  Dendrohrachia 
was  the  one  exception  to  the  unity  of  the  dimorphism  character.  Dendrobrachia  branched 
very  closely  to  the  genera  Paragorgia  and  Corallium,  both  of  which  are  dimorphic.  The 
■  axial  morphology  of  Dendrobrachia  and  its  lack  of  sclerites  suggest  a  closer  affinity  with 
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the  family  Chrysogorgiidae,  which  was  not  supported  from  these  analyses.  Further 
morphological  study  and  sequence  information  from  additional  genes  will  be  necessary  to 
clarify  the  phylogenetic  relationship  of  Dendrobrachia  to  the  other  octocorals. 

This  study  constitutes  a  broad-scale  survey  of  genetic  differentiation  of  nuclear  18S 
rDNA  sequences  across  the  entire  subclass,  representing  the  majority  of  the  morphological 
diversity  present  in  the  subclass.  The  morphological  characters  that  have  been  used  to 
devise  the  traditional  taxonomy  of  the  octocorals^do  not  correspond  to  the  phylogenetic 
divisions  reflected  in  genetic  sequence  information.  The  phylogenetic  structure  that  was 
present  indicated  a  well-supported  clade  primarily  containing  the  dimorphic  Scleraxonia, 
and  a  large  undifferentiated  clade  containing  half  of  the  species  from  these  analyses.  The 
majority  of  the  pennatulaceans  formed  a  monophyletic  group,  with  the  exception  of 
Umbellula.  The  remaining  species  fell  into  weakly-supported  clades  that  could  be  moved 
without  reducing  the  likelihood  of  the  tree  significantly.  This  branching  pattern  was  upheld 
by  analyses  of  mt  16S  rDNA,  which  constitutes  a  second  independent  molecular  character. 
The  importance  of  the  morphological  characters  used  to  create  the  traditional  taxonomies 
may  need  to  be  reassessed  as  they  relate  to  the  evolution  of  these  species.  Additional 
characters  will  be  required,  either  morphological  characters  or  sequences  from  additional 
genomic  regions,  to  further  clarify  the  evolutionary  progression  of  the  Subclass 
Octocorallia. 


166 


References 


Bayer,  F.  M.  (1955).  Contributions  to  the  nomenclature,  systematics,  and  morphology  of 
the  Octocorallia.  Proceedings  of  the  United  States  National  Museum.  105:  207-220. 

Bayer,  F.  M.  (1956).  Octocorallia.  In:  Moore,  R.  C.  (ed.)  Treatise  on  Invertebrate 
Paleontology,  vol.  F.  University  of  Kansas,  Lawrence,  Kansas,  p.  166-230. 

Bayer,  F.  M.  (1964).  The  genus  Coralliwn  (Gorgonacea:  Scleraxonia)  in  the  western 
north  Atlantic  ocean.  Bulletin  of  Marine  Science  of  the  Gulf  and  Caribbean.  14:  465-478. 

Bayer,  F.  M.  (1973).  Colonial  organization  in  octocorals.  In:  Boardman,  C.,  and  Driver 
(ed.)  Animal  Colonies.  Dowden,  Hutchinson,  and  Ross,  Inc.,  Stroudsburg,  PA,  p.  69- 
93. 

Bayer,  F.  M.  (1981).  Key  to  the  genera  of  Octocorallia  exclusive  of  Pennatulacea 
(Coelenterata:  Anthozoa),  with  diagnoses  of  new  taxa.  Proceedings  of  the  Biological 
Society  of  Washington.  94:  902-947. 

Bayer,  F.M.  (1993a).  Taxonomic  status  of  the  octocoral  genus  Rat/iya/cyon 
(Alcyoniidae:  Anthomastinae),  with  descriptions  of  a  new  subspecies  from  the  Gulf  of 
Mexico  and  a  new  species  of  Anthomastus  from  Antarctic  waters.  Precious  Corals  and 
Octocoral  Research.  1:3-13. 

Bayer,  F.  M.  (1993b).  Two  new  species  of  the  gorgonacean  genus  Paragorgia 
(Coelenterata:  Octocorallia).  Precious  Corals  and  Octocoral  Research.  2:  1-10. 

Bemtson,  E.  A.,  France,  S.  C.  (in  prep).  Generating  DNA  sequence  information  from 
museum  collections  of  octocoral  specimens  (Phylum  Cnidaria:  Class  Anthozoa). 

Bemtson,  E.  A.,  France,  S.  C.,  Mullineaux,  L.  S.  (in  prep).  Phylogenetic  relationships 
within  the  Class  Anthozoa  (Phylum  Cnidaria)  based  on  nuclear  18S  rDNA  sequence 
information. 

Broch,  H.,  Horridge,  A.  (1957).  A  new  species  of  Solenopodium  (Stolonifera: 
Octocorallia)  from  the  Red  Sea.  Proceedings  of  the  Zoological  Society  of  London.  128: 
149-160. 

Brook,  G.  (1889).  Report  on  the  Antipatharia  collected  by  HMS  Challenger  during  the 
years  1873-1876.  In:  Thomson,  S.  C.  W.,  Murray,  J.  (ed.)  Report  on  the  Scientific 
Results  of  the  Voyage  of  HMS  Challenger  1873-1876,  George  S.  Nares  and  Frank  Tourle 
Thomson  Commanding,  vol.  Zoology  32.  Eyre  and  Spottiswoode,  London,  p.  222. 

Coffroth,  M.  A.,  Lasker,  H.  R.,  Diamond,  M.  E.,  Bruenn,  J.  A.,  Bermingham,  E. 
(1992).  DNA  fingerprints  of  a  gorgonian  coral:  a  method  for  detecting  clonal  stracture  in  a 
vegetative  species.  Marine  Biology.  114:317-325. 

Deichmann,  Elisabeth.  (1936).  The  Alcyonaria  of  the  western  part  of  the  Atlantic  Ocean. 
Memoirs  of  the  Museum  of  Comparative  Zoology  at  Harvard  College.  53: 1-3 17. 


167 


DeSalle,  R.,  Wray,  C.,  Absher,  R.  (1994).  Computational  problems  in  molecular 
systematics.  In:  Schierwater,  B.,  Streit,  B.,  Wagner,  G.  P.,  DeSalle,  R.  (ed.)  Molecular 
j^ology  and  Evolution:  Approaches  and  Applications.  Birkhauser  Verlag  Basel,  Basel, 
Switzerland,  p.  353-370. 

Elwood,  H.  J.,  Olsen,  G.  J.,  Sogin,  M.  L.  (1985).  The  small-subunit  ribosomal  RNA 
gene  sequences  from  the  hypotrichous  ciliates  Oxytricha  nova  and  Stylonychia  pustulata. 
Molecular  Biology  and  Evolution.  2:  399-410. 

Fitch,  D.  H.  A.,  Bugaj-Gaweda,  B.,  Emmons,  S.  W.  (1995).  18S  ribosomal  RNA  gene 
phylogeny  for  some  Rhabditidae  related  Caenorhabditis.  Molecular  Biology  and 
Evolution.  12:  346-358. 

France,  S.  C.,  Rosel,  P.  E.,  Agenbroad,  J.  E.,  Mullineaux,  L.  S.,  Kocher,  T.  D.  (1996). 
DNA  sequence  variation  of  mitochondrial  large-subunit  rRNA  provides  support  for  a  two- 
subclass  organization  of  the  Anthozoa  (Cnidaria).  Molecular  Marine  Biology  and 
Biotechnology.  5:  15-28. 

Hay,  J.  M.,  Ruvinsky,  I.,  Hedges,  S.  B.,  Maxson,  L.  R.  (1995).  Phylogenetic 
relationships  of  amphibian  families  inferred  from  DNA  sequences  of  mitochondrial  12S 
and  16S  ribosomal  RNA  genes.  Molecular  Biology  and  Evolution.  12:  928-937. 

Hickson,  S.  J.  (1916).  The  Pennatulacea  of  the  Siboga  expedition.  E.  J.  Brill, 
Publishers,  Leyden. 

Hickson,  S.  J.  (1930).  On  the  classification  of  the  Alcyonaria.  Proceedings  of  the 
Zoological  Society  of  London.  Pt.  1:  229-252. 

Huelsenbeck,  J.  P.,  Crandall,  K.  A.  (1997).  Phylogeny  estimation  and  hypothesis 
testing  using  maximum  likelihood.  Annual  Review  of  Ecology  and  Systematics.  28:  437- 
466. 

Huelsenbeck,  J.  P.,  Rannala,  B.  (1997).  Phylogenetic  methods  come  of  age:  testing 
hypotheses  in  an  evolutionary  context.  Science.  276:  227-232. 

Hyman,  L.  H.  (1940).  The  Invertebrates:  Vol.  1.  Protozoa  through  Ctenophora. 
McGraw-Hill  Book  Co.,  Inc.,  New  York. 

Kelly-Borges,  M.,  Bergquist,  P.  R.,  Bergquist,  P.  L.  (1991).  Phylogenetic  relationships 
within  the  order  Hadromerida  (Porifera,  Demospongiae,  Tetractinomorpha)  as  indicated  by 
ribosomal  RNA  sequence  comparisons.  Biochemical  Systematics  and  Ecology.  19:  1 17- 
125. 

Kenchington,  E.,  Landry,  D.,  Bird,  C.  J.  (1995).  Comparison  of  taxa  of  the  mussel 
Mytilus  (Bivalvia)  by  analysis  of  the  nuclear  small-subunit  rRNA  gene  sequence. 

Canadian  Journal  of  Fisheries  and  Aquatic  Science.  52:  2613-2620. 

Kim,  W.,  Abele,  L.  G.  (1990).  Molecular  phylogeny  of  selected  decapod  crustaceans 
based  on  18S  rRNA  nucleotide  sequences.  Journal  of  Crustacean  Biology.  10:  1-13. 


168 


Kishino,  H.,  Hasegawa,  M.  (1989).  Evaluation  of  the  maximum  likelihood  estimate  of 
the  evolutionary  tree  topologies  from  DNA  sequence  data,  and  the  branching  order  in  the 
Hominoidea.  Journal  of  Molecular  Evolution.  29:170-179. 

Kuznedelov,  K.  D.,  Timoshkin,  O.  A.  (1993).  Phylogenetic  relationships  of  Baikalian 
species  of  Prorhynchidae  turbellarian  worms  as  inferred  by  partial  18S  rBlNA  gene 
sequence  comparisons  (preliminary  report).  Molecular  Marine  Biology  and  Biotechnology. 
2:  300-307. 

Lane,  D.  J.,  Pace,  B.,  Olsen,  G.  J.,  Stahl,  D.  A.,  Sogin,  M.  L.,  Pace,  N.  R.  (1985). 
Rapid  determination  of  16S  ribosomal  RNA  sequences  for  phylogenetic  analyses. 
Proceedings  of  the  National  Academy  of  Sciences.  82:  6955-6959. 

Maddison,  W.  P.,  Maddison,  D.  R.  (1992).  MacClade:  Analysis  of  phylogeny  and 
character  evolution. 

Medlin,  L.,  Elwood,  H.  J.,  Shekel,  S.,  Sogin,  M.  L.  (1988).  The  characterization  of 
enzymatically  amplified  eukaryotic  16S-like  rRNA-coding  regions.  Gene.  71:491-499. 

Opresko,  D.  M.,  Bayer,  F.  M.  (1991).  Rediscovery  of  the  enigmatic  coelenterate, 
Dendrobrachia,  (Octocorallia:  Gorgonacea)  with  descriptions  of  two  new  species. 
Transactions  of  the  Royal  Society  of  South  Australia.  1 15:  1-19. 

Page,  R.  D.  M.  (1996).  TREEVTEW:  An  application  to  display  phylogenetic  trees  on 
personal  computers.  Computer  Applications  in  Biosciences.  12:  357-358. 

Rzhetsky,  A.,  Nei,  M.  (1995).  Tests  of  applicability  of  several  substitution  models  for 
DNA  sequence  data.  Molecular  Biology  and  Evolution.  12:  131-151. 

Song,  J.-L,  Won,  J.  H.  (1997).  Systematic  relationship  of  the  anthozoan  orders  based 
on  the  partial  nuclear  18S  rDNA  sequences.  Korean  Journal  of  Biological  Science.  1:  43- 
52. 

Swofford,  D.  L.  (1996).  PAUP*:  Phylogenetic  analysis  using  parsimony  (and  other 
methods),  pre-release  version. 

Swofford,  D.  L.,  Olsen,  G.  J.,  Waddell,  P.  J.,  Hillis,  D.  M.  (1996).  Phylogenetic 
inference.  In:  Hillis,  D.  M.,  Moritz,  C.,  Mable,  B.  K.  (ed.)  Molecular  Systematics. 
Sinauer  Associates,  Inc.,  Sunderland,  MA,  p.  407-514. 

Thompson,  J.  D.,  Higgins,  D.  G.,  Gibson,  T.  J.  (1994).  CLUSTAL  W:  improving  the 
sensitivity  of  progressive  multiple  sequence  alignment  through  sequence  weighting, 
positions-specific  gap  penalties  and  weight  matrix  choice.  Nucleic  Acids  Research.  22: 
4673-4680. 

Wada,  H.,  Satoh,  N.  (1994).  Phylogenetic  relationships  among  extant  classes  of 
echinoderms,  as  inferred  from  sequences  of  18S  rDNA,  coincide  with  relationships 
deduced  from  the  fossil  record.  Journal  of  Molecular  Evolution.  38:  41-49. 


169 


Weekers,  P.  H.  H.,  Gast,  R.  J.,  Fuerst,  P.  A.,  Byers,  T.  J.  (1994).  Sequence  variations 
in  small-subunit  ribosomal  RNAs  of  Hartmannella  vermiformis  and  their  phylogenetic 
implications.  Molecular  Biology  and  Evolution.  1 1 :  684-690. 

Winnepenninckx,  B.,  Backeljau,  T.,  DeWachter,  R.  (1993).  Extraction  of  high 
molecular  weight  DNA  from  molluscs.  Trends  in  Genetics.  9: 407. 


170 


Chapter  5 


Conclusions 


171 


172 


Summary 

The  goal  of  this  thesis  project  was  to  build  a  more  complete  molecular  phylogeny  of 
the  Class  Anthozoa  than  currently  exists,  based  on  the  nuclear  18S  rRNA  gene.  I 
addressed  four  primary  questions  concerning  the  phylogenetic  divisions  within  the 
Anthozoa.  In  Chapter  3, 1  examined  the  subclass  divisions  within  the  Anthozoa, 
specifically  to  address  the  evolutionary  relevance  of  the  Subclass  Ceriantipatharia.  The 
orders  Ceriantharia  and  Antipatharia  were  originally  classified  in  the  Subclass  Hexacorallia, 
but  were  subsequently  assigned  to  their  own  subclass.  Previous  molecular  studies  had 
suggested  that  the  orders  Ceriantharia  and  Antipatharia  are  genetically  disparate,  but  the 
taxonomic  sampling  in  those  studies  was  insufficient  to  determine  the  precise  affinities  of 
the  two  orders  relative  to  the  remaining  Anthozoa. 

My  analyses  showed  the  orders  within  the  Subclass  Ceriantipatharia  (Antipatharia 
and  Ceriantharia)  to  be  genetically  dissimilar.  Therefore,  this  subclass  does  not  represent 
an  evolutionarily  relevant  grouping.  The  Antipatharia  were  most  closely  related  to  the 
Zoanthidea  (Subclass  Hexacorallia),  and  the  Ceriantharia  appeared  to  be  ancestral  to  the 
Hexacorallia.  The  exact  phylogenetic  position  of  the  Ceriantharia,  however,  could  not  be 
determined  with  these  sequence  data. 

I  also  examined  the  ordinal  divisions  within  the  Hexacorallia  and  the 
Ceriantipatharia  in  Chapter  3,  to  determine  if  the  morphologically  derived  divisions  are 
monophyletic  or  polyphyletic.  The  Order  Scleractinia  was  monophyletic  based  on  previous 
studies  of  both  nuclear  18S  rDNA  and  28S  rDNA,  but  polyphyletic  based  on  mitochondrial 
16S  rDNA.  The  Order  Actiniaria  appeared  to  be  monophyletic  based  on  mt  16S  rDNA,  but 
was  polyphyletic  from  the  18S  and  28S  studies.  The  28S  rDNA  sequence  information 
suggested  the  Order  Corallimorpharia  is  also  polyphyletic. 
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The  Subclass  Octocorallia  and  the  hexacorallian  orders  Antipatharia,  Zoanthidea  and 
Actiniaria  were  each  monophyletic  based  on  my  18S  sequence  analyses.  The  Scleractinia 
and  Corallimorpharia  appeared  to  be  polyphyletic  and  were  closely  associated  with  each 
other,  but  their  exact  relationship  could  not  be  determined  reliably  with  these  data.  These 
data  also  could  not  be  used  to  distinguish  the  branching  hierarchy  for  the  orders  within  the 
Hexacorallia. 

Chapter  4  addressed  the  phylogenetic  divisions  within  the  Subclass  Octocorallia. 
Traditional  taxonomy  was  based  on  very  few  morphological  characters,  and  the 
evolutionary  significance  of  any  given  character  is  unclear.  The  traditional  taxonomic 
system  divided  the  subclass  into  seven  orders.  Recent  taxonomic  revisions  retained  two  of 
the  orders  (Helioporacea  and  Pennatulacea)  but  combined  the  remaining  species  into  a 
single  order  (Alcyonacea)  with  five  subordinal  divisions.  Mitochondrial  16S  rDNA 
suggested  that  neither  the  historical  ordinal-level  nor  the  current  subordinal-level  divisions 
correspond  with  the  genetic  stmcture  of  the  subclass.  I  included  a  more  thorough 
taxonomic  sampling  in  the  present  study,  in  order  to  produce  a  more  complete  picture  of  the 
phylogenetic  structure  present  within  the  subclass. 

Several  specimens  for  this  chapter  were  alcohol-preserved,  acquired  from  museum 
collections.  I  have  described  the  molecular  methods  I  used  for  determining  sequences  from 
these  specimens  in  Chapter  2.  Much  of  the  DNA  from  these  specimens  was  degraded,  and 
standard  PCR  amplifications  were  usually  unsuccessful.  Using  an  extended  DNA 
extraction  protocol  combined  with  PCR  reamplifications  using  taxon-specific  primers, 
sequences  of  length  700-1800  bp  were  determined  from  specimens  that  had  been  preserved 
up  to  fifty  years. 

My  phylogenetic  analyses  indicated  that  the  morphologically  distinct  groups  within 
the  Subclass  Octocorallia  do  not  constitute  phylogenetically  distinct  entities.  Three 
phylogenetic  clades  were  present  within  the  subclass,  none  of  which  corresponded  to  the 
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traditional  morphologically  based  divisions.  The  Pennatulacea  were  primarily 
monophyletic,  but  the  pennatulacean  genus  Umbellula  branched  with  the  dimorphic 
alcyonaceans.  The  Helioporacea  did  not  appear  to  be  phylogenetically  dissimilar  from 
species  of  the  Order  Alcyonacea.  The  morphological  character  of  colonial  dimorphism  was 
loosely  correlated  with  phylogenetic  stmcture,  but  this  association  was  not  well-supported. 
Nearly  half  of  the  species  in  this  study,  including  representatives  from  all  five  suborders  of 
the  Alcyonacea,  clustered  together  in  a  large,  undifferentiated  clade.  The  low  levels  of 
genetic  divergence  within  this  clade  suggest  a  rapid  radiation  of  species  occurred  at  some 
point  in  the  evolutionary  history  of  the  Anthozoa. 

Chapters  3  and  4  include  an  examination  of  the  phylogenetic  affinities  of  two 
species  with  enigmatic  morphologies,  Dactylanthus  antarcticus  (representing  the  Order 
Ptychodactiaria)  and  Dendrobrachia  paucispina.  The  Ptychodactiaria  were  originally 
classified  as  members  of  the  Order  Actiniaria  (the  anemones),  although  their  musculature, 
nematocysts  and  mesenterial  structure  differ  from  the  Actiniaria.  In  1949,  separate  ordinal 
distinction  for  the  Ptychodactiaria  was  established  with  the  argument  that  the 
Ptychodactiaria  represent  a  separate  evolutionary  line.  In  my  sequence  analyses, 
Dactylanthus  branched  within  the  Actiniaria,  most  closely  with  the  Tribe  Athenaria.  The 
close  association  of  Dactylanthus  with  the  Athenaria  suggested  that  the  ordinal-level 
distinction  of  the  Ptychodactiaria  was  phylogenetically  unwarranted . 

Dendrobrachia  paucispina  was  originally  classified  with  the  Order  Antipatharia  (the 
black  corals)  based  on  its  axial  morphology,  but  was  recognized  at  the  time  as  anomalous 
compared  to  the  other  antipatharians.  Subsequent  examinations  of  the  polyp  morphology 
suggested  Dendrobrachia  was  more  closely  related  to  the  chrysogorgiid  octocorals 
(Alcyonacea:  Holaxonia).  Based  on  my  18S  sequence  analyses,  Dendrobrachia  was 
closely  affiliated  with  the  Octocorallia.  The  affinity  of  Dendrobrachia  with  the  Octocorallia 
rather  than  the  Antipatharia  suggests  that  polyp  morphology,  not  axial  morphology,  is  more 
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indicative  of  the  evolutionary  ancestry  of  this  group.  Dendrobrachia  fell  within  the  clade 
containing  the  Family  Chrysogorgiidae,  but  was  actually  more  closely  related  to  species  of 
Corallium  and  Paragorgia.  Morphological  characters  that  support  this  association  are 
unclear. 

This  thesis  project  represents  the  most  comprehensive  molecular  phylogenetic 
analysis  of  the  Class  Anthozoa  to  date.  Complete  sequences  from  the  nuclear  18S  rRNA 
gene  were  determined  from  58  species,  representing  all  extant  orders  of  the  subclasses 
Hexacorallia,  Octocorallia  and  Ceriantipatharia,  and  22  of  the  30  families  within  the 
Alcyonacea  (Subclass  Octocorallia).  Sequences  from  19  species  in  GenBank  were  also 
included  in  the  analyses.  Previous  molecular  studies  have  addressed  phylogenetic 
relationships  within  the  Class  Anthozoa,  but  they  all  used  limited  taxonomic  sampling  and 
relatively  simple  methods  of  analyses.  The  more  thorough  taxonomic  sampling  of  this 
project  helped  further  clarify  a  number  of  the  relationships  examined  in  other  studies.  The 
use  of  maximum  likelihood  techniques  and  realistic  evolutionary  models  for  the  analyses  of 
these  sequence  data  yielded  results  that  could  be  compared  statistically  to  alternate 
hypotheses  suggested  in  other  studies. 

This  characterization  of  phylogenetic  relationships  gives  us  a  greater  understanding 
of  the  evolutionary  progression  within  the  Class  Anthozoa.  The  simple  morphologies  of 
the  species  in  this  group  make  it  difficult  to  establish  taxonomic  divisions  based  solely  on 
morphological  characters.  As  a  result,  the  traditional  taxonomy  of  this  group  often  depicted 
‘categories’  of  species  based  on  similar  convergent  morphologies  rather  than  evolutionarily 
relevant  associations.  This  project  helped  illuminate  the  morphological  characters  that  may 
have  greater  significance  in  retracing  the  evolution  of  the  Anthozoa.  Anthozoans  are 
significant  members  of  nearly  all  marine  environments,  and  a  better  understanding  of  their 
evolutionary  associations  and  their  diversity  will  help  us  better  manage  these  important 
biological  resources. 
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Future  Directions 

This  thesis  project  included  complete  18S  rDNA  sequences  from  a  very  thorough 
representation  of  the  species  within  the  Class  Anthozoa,  and  used  relevant  evolutionary 
models  to  analyze  them.  Although  these  analyses  could  clearly  demonstrate  some  aspects 
of  the  phylogenetic  associations  within  the  Anthozoa,  a  number  of  relationships  could  not 
be  determined  from  these  sequence  data.  The  nuclear  18S  gene  had  sufficient  phylogenetic 
signal  to  establish  the  primary  divisions  within  the  class,  but  could  not  resolve  many  of  the 
associations  among  those  divisions.  Although  the  Ceriantharia  were  clearly  divergent  from 
the  remaining  Anthozoa  based  on  these  18S  sequences,  their  precise  phylogenetic  position 
remains  equivocal.  Similarly,  the  relationship  between  the  orders  Corallimorpharia  and 
Scleractinia  could  not  be  clearly  established  with  18S  information.  Sequence  information 
from  additional  taxa  and  different  genomic  regions  will  be  necessary  to  further  clarify  these 
relationships. 


There  is  grandeur  in  this  view  of  life,  with  its  several  powers, 
having  been  originally  breathed  into  a  few  forms  or  into  one; 
and  that,  whilst  this  planet  has  gone  cycling  on 
according  to  the  fixed  law  of  gravity,  from  so  simple  a  beginning 
endless  forms  most  beautiful  and  most  wonderful 
have  been,  and  are  being,  evolved. 


—Charles  Darwin 
The  Origin  of  Species 
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Appendix  1 
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Appendix  1  Full  alignment  of  18S  rDNA  sequences  for  Chapter  3,  shown 
in  NEXUS  format  for  PAUP*.  Positions  removed  for 
analyses: 

1-48,  63,  107-113,  136,  171-184,  214-233,  242-264, 
299-308,  318,  400,  528-529,  533,  537,  566,  572,  718-724, 
782-785,  789,  835-837,  913,  948-949,  1314,  1443-1455, 
1483-1484,  1578-1581,  1774-1816,  1829-1887. 


180 


||§§§§§||§§§§§§§§§|§|§§§§§||§§§||||§|||||§|||||| 

(i>({)(D(D(i>(D(Dn>a>(t>(i>(i>n><D(D(i>(D(iio>{i}(i>(D(i>a><p(D(Dn>(D(D(i>(i>(D(D(D<i>(Dn>{i><i>a>{i>ni(P<sn>(i><D 


H 

H 

H 

CQ 

W 

CO 

z 

W 

n 

c 

*4 

s 

'*1 

w 

> 

O 

& 

O 

CO 

*T3 

*3 

u 

Z 

> 

z 

a 

n 

N 

n 

m 

O 

♦3 

n 

X 

to 

Z 

►rt 

ro 

> 

p 

S' 

S' 

S' 

H 

(D 

O 

m 

n> 

3 

n 

(D 

n> 

3 

C 

£r 

P*  '0 

3 

p- 

3 

p) 

p- 

rr 

P> 

C 

pi 

p» 

c 

IP 

o 

pi 

PI 

o 

o 

(P 

3 

01 

IP 

3- 

<p 

o 

rr 

1 

d 

IP 

o 

IP 

3 

3 

3 

H* 

H* 

rr 

n 

1-* 

e 

p- 

3 

3 

&“ 

P 

p' 

o 

p- 

rr 

K 

rr 

p* 

CQ 

O 

< 

tr 

p* 

rr 

3 

rr 

p) 

p* 

o 

p> 

n 

pi 

H 

H 

•< 

n 

d 

p* 

tr 

o 

p 

p> 

•d 

IP 

rr 

IP 

O 

•d 

H* 

t3 

o 

P) 

p> 

a 

p- 

(D 

p) 

N 

(A 

01 

H- 

n 

p.  V,; 

n 

3 

o 

p* 

pi 

.3* 

m 

n 

3 

o 

rr 

K 

3 

p- 

p' 

Pi 

p* 

P 

p> 

O 

o 

rr 

3 

p- 

B 

tr 

3 

tr  (D 

tr 

n> 

<0 

p- 

d 

i-« 

u 

o 

3 

() 

•0 

p- 

•d 

rr 

o 

*0 

3 

•d 

P 

p- 

p- 

rr 

o 

‘< 

3 

rr 

PI 

p 

N 

P 

p 

rr 

p> 

3“ 

#: 

O 

o 

rr 

O' 

o 

O 

o 

o 

a 

w 

pi 

H- 

o 

(D 

o 

I-* 

j-- 

rr 

*0 

PI 

rr 

0) 

•d 

pi 

tr 

(A 

tr 

pi 

o 

o 

*d 

pi 

a 

tr 

p* 

p^ 

PI 

tr 

3 

o 

O 

3 

P> 

O 

rr 

O 

(p 

♦d 

3 

tr 

p* 

3 

•d 

3 

•0 

o> 

P> 

3 

•0 

to 

pi 

C 

t3 

(0 

n 

p* 

rr 

PI 

rr 

o 

o 

p- 

H 

pi 

pi 

p- 

o 

p> 

Pi 

o 

p- 

rr 

•d 

PI 

rr 

3 

rr 

3* 

•d 

rr 

(D 

o 

(A 

(P 

p 

p- 

!-■ 

o 

M 

P» 

p* 

n 

O 

rr 

tr 

pi 

y 

P> 

Pi 

rr 

•d 

< 

3 

rr 

a 

tr 

PI 

3 

tr 

(3 

»i 

p- 

pi 

m 

p- 

(Q 

P- 

P 

IP 

3 

0> 

H- 

*0 

p* 

P) 

e 

0) 

C3 

Pd 

3* 

(p 

pi 

tr 

rr 

p) 

rr 

p- 

p* 

(p 

pi 

rr 

c 

P- 

O 

p* 

rr 

p- 

P 

O 

(0 

c 

O 

X 

(U 

to 

0) 

p> 

o 

Pd 

Z 

(P 

u 

(P 

p- 

tr 

(A 

o 

tr 

CA 

P> 

O 

a 

3* 

pi 

P 

p 

m 

M- 

O 

C3 

p* 

S 

Z 

(A 

(A 

C 

•d 

c 

tr 

(P 

O 

ua 

p> 

z 

W 

W 

p> 

z 

u 

(A 

p* 

(A 

c 

tA 

m 

p* 

C) 

(.) 

z 

Z 

(l> 

p- 

pi 

o 

(A 

z 

pi 

w 

n 

(A 

w 

z 

z 

Z 

z 

r 

r 

tr* 

r 

r* 

r 

r 

p 

p 

p 

P 

P 

p 

p 

P 

P 

P 

P 

P 

p 

P 

P 

P 

p 

P 

p 

P 

P 

p 

P 

P 

p 

P 

p 

p 

P 

P 

p 

p 

P 

P 

P 

p 

P 

P 

p 

p 

<D 

(D 

<D 

(D 

(D 

(D 

(I) 

(D 

(D 

a> 

(P 

O 

(p 

(p 

IP 

(P 

<P 

<p 

<p 

(p 

(P 

(P 

<P 

(P 

(P 

(P 

IP 

(P 

IP 

(P 

(P 

o 

(P 

(p 

e 

(P 

(P 

(P 

(D 

<P 

IP 

(P 

(p 

(P 

(D 

IP 

(p 

IP 

£3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

H* 

M 

M 

!-► 

M 

p* 

M 

P* 

p* 

p* 

p* 

p* 

P* 

P* 

P* 

p» 

p* 

P* 

P» 

P* 

p* 

P* 

P* 

*-» 

j-j 

p* 

p* 

p* 

p* 

p» 

p 

i_» 

p 

p 

p 

p 

p 

P 

p 

p 

p 

P 

i-» 

p 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

oo 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

<0 

'O 

>0 

>0 

-o 

>0 

xj 

•o 

«o 

•o 

'J 

«o 

•J 

«o 

-o 

•o 

•o 

>0 

'J 

<0 

•o 

>0 

o 

"O 

«o 

-J 

*o 

>o 

<o 

oooonooooooooooooonooonoooooonoooooooooooooooooo 

srcrErp'Srtrtrtrp'srtrcrcrtrtrtrcrcrcrcrtrtrcrcrtrtrp'yErrrartrtrtrD'srjrtrtrcrtrtrp'Srtrtrtrsr 

oooooooooooooooooooooooooooooooooooooooooonoonoo 

xxx?rx-?r?r?rxx?rxx?r?r?r?r?r?r?r?r?rxx>r;vxxx?r?rj>r?r?r?r?rx>rx?r>r?rxx?r7r?r?r 


w  CO  o  ca  00  VD 

to  CO  03  M  n  w 

to  o  0^  O  iCk  w 

O  *5^  C3  \o  itk  ho 

to  O  O  00  to  > 

>  a>  tn  03  o  iCk 

H*  03  H*  > 

»1J  o  O  >  03  u 


vDD3tncoto03>to^-»o\•l3>OWt00otnD^o^C^.b.OOOtJoop3WW03t0^t»•'*Jtn*»o^>tOlek\^>  vj 

03WtnC3aooo»-‘to\£>OUi'i>iOi&.to>qtjiotocJ>Ootoc3'0'0>tJpl'Oi-»a\p3t00ooo\^OiC».ioiO 

o^to-otnp3^^^>*>•o^01DDO*J1\o»-*to'»JMlfc^ot^Jt^3>tJt?dto'*lMtooo>aODtn03W^-)a>o^ 

>a\tOOto»c>.0'Otn*oi-‘OOoWvocr>Oto»qLnOit»-to^OPit^oo03'£*Olb'>tno<T»aJvo>>00 

l-l  «  ^  /-N  ^  ^  1..  ««  ..1  K<L  KH  «  l«  i-N  ..V  .  .  ^  I-  ^  Q  Q  ^  Q  ^  JJ, 


o^to-otnp3^^^)*>•o^WDDO*^1\o»-*to'o 

>a\WOto»c>.0'Otn*oi-‘OOoWvocr>Oto 

D»*ia>*00>tootoooto^DO>lotoo\D*»i 

oooi-‘i-‘i-»o>?3<0*530m<^u>o\Wto 

I— I  M  Ki  ifi  rt\  >ii  I— I  m  iTi  »Tl  ffi  fn  i.i 


'IJtntJU^VO^OOtf^OOOT'OO 

,.-^iv^^'*'uu«v'iowiivtv»_»Mj'»jOOto*j3*»jOi^v-*03oooo<T»voai»uia»^tjoi«^0'>Jui 
oooi-‘i-‘i-‘0>j3<0*530tn<^u>o\WtouicoOvooJooo\to*ijtnto>-*0'i3*i30oi-*»-‘'0>WOW 
oa>Mtotom<nJ>Dv£>WOWiotn'Otooooo>oocn**joo>qv£>uioto>vjio»iJOdWDdOo>oo*»jtoH* 
to»003nwoonOOit>-touo03cooO'*Jo>*q*)(joi-‘Wui030i-*oto-oo«>VDtooouio>iCi»i&.a\-JW 


181 


#NEXUS 

(gde4153_0  —  data  title] 


p 

P 

TO 

5- 

03 

1 

C 

9 

p 

•0 

5 

p* 

5 

nj 

p* 

CO 

•3 

p- 

p- 

^3 

P* 

TO 

P 

D 

?o 

tr 

p‘ 

O 

p- 

ft 

P 

ft 

pi 

TO 

ft 

C 

•3 

o 

•0 

TO 

CO 

P» 

3 

P- 

TO 

TO 

TO 

pi 

N 

TO 

Pi 

P- 

P 

p- 

P 

o 

0 

»0 

tr 

P 

tr 

TO 

ft 

o 

Od  (Q 

p- 

P> 

3 

3 

P> 

TO 

O 

3 

O 

•0 

p- 

•0 

•< 

o 

J 

p- 

p* 

o 

a 

P- 

TO  P- 

o 

P 

Oi 

P* 

P* 

ft 

*0 

pi 

ft 

Qi 

•0 

PI 

ft 

TO 

•a 

< 

•0 

P 

•0 

pi 

P" 

P  3 

•0 

TO 

P 

P* 

C 

p 

TO 

P 

P* 

ft 

pi 

ft 

ar 

o 

ar 

0 

o 

P 

p» 

P* 

3" 

O  O 

TO 

C 

O 

P» 

P 

pi 

§ 

p. 

TO 

O 

ft 

ar 

O 

3 

p- 

3 

p 

o 

PI 

p* 

PI 

PI 

TO  *0 

P* 

3 

to 

PI 

PI 

TO 

TO 

O 

CO 

ar 

TO 

PI 

P 

p 

P 

p 

P 

o 

o 

t 

1 

1  O 

o 

O 

O 

O 

o 

O 

o 

O 

O 

o 

o 

O 

o 

o 

o 

O 

o 

o 

> 

> 

1 

1 

1  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

►3 

^3 

1 

1 

1  ^3 

»3 

»3 

*3 

►3 

►3 

•3 

*3 

►3 

•3 

•3 

•3 

*3 

►3 

►3 

> 

> 

1 

1 

1  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

►3 

►3 

1 

1 

«  13 

►3 

•3 

*3 

*3 

•3 

•3 

•3 

•3 

►3 

»3 

►3 

►3 

►3 

►3 

*3 

»3 

•3 

O 

O 

1 

1 

1  O 

O 

O 

O 

O 

CD 

O 

O 

O 

O 

O 

O 

O 

<r> 

O 

O 

O 

<D 

a 

O 

O 

1 

1 

1  O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

o 

o 

O 

O 

o 

1 

1 

1  *3 

•3 

*3 

•3 

►3 

*3 

•3 

►3 

•3 

►3 

•3 

H 

»3 

♦3 

♦3 

•3 

*3 

►3 

•3 

•3 

►3 

1 

1 

1  H 

►3 

»3 

►3 

•3 

►3 

•3 

•3 

►3 

►3 

•3 

►3 

*3 

•3 

•3 

►3 

•3 

»3 

•3 

O 

O 

1 

1 

1  O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

•3 

H 

O 

1 

I  H 

•3 

►3 

•3 

*3 

►3 

•3 

•3 

•3 

♦3 

H 

*3 

•3 

•3 

►3 

*3 

►3 

S  >  sc  D  O  i 

o  n  0)  o 

ft  0)  «-*  0 

I  n  3  o  ft  K 

p-  ft  o  K  3 

£L  ET  P*  h-*  pi 

P*  O  pi  pi  o 

■  6  *0  <  3 

3  ft  pi  ft 


p>  t<  PJ  t< 
3  P-  H*  P» 
ft  p)  1-*  N 

3*  3  o  O 
P-  ft  *0  PI 
O*  3*  M  3 

P-  p»  (!>  3  ft 


>  O 
H  > 


►3  H  H  H  1^  r8 


>  > 


nooooooHOonnooooooooo 

OOOOOOOOOOOOOOOOOOOOO 


O  O 

II 

O  O 
O  O 
•3  *3 
•3  *3 

o  <n 

i3  *3 
O  O 
>3  H 
O  O 


o  o  o 

s  s  s 

►3  1-3 

S  S  S 

♦3  ►3  *3 

o  o  o 
o  n  o 

►3  ^3  k3 

»3  *3  ^3 
o  o  o 

H  *3  13 
n  n  n 
H  *3  *3 

o  o  o 


o  o  o  o 

o  o  o  o 
noon 

H  *3  >3  *3 
•3  *3  H  ^3 

o  o  o  o 

»3  >3  ^ 
noon 
•3  H  H  >3 

noon 


o  »o  n 

(D  ET  <» 
p  *<  p 
p-  M  pi 
Q)  M  ft 
3  PI  O 
ft  3  ft 

3*<Q  P 
3  P-  O 

O  O  O 
>  >  > 
►3  ^  13 
>  >  > 
►3  »3  H 
(D  O 
non 
►3  *3  >3 
*3  ^3  H 
O  O  O 
•3  13  H 
o  n  o 
►3  H  *3 
O  O  O 


ac  cn  3  nj  w  >  tr* 

O  ft  I  P  0)  o  <D 

p  p-  cr  o  I-  PI  *0 

3flOrrp*3P- 
pi  3*  «  O  O  ft  Oi 

rroa>*0  3  3‘P* 
3*  *0  P  ft  (D  O  W 

P*  pi  W  H-  P«  IQ  P- 

P*  ft  p-  P'  ►-*  o  TO 


3  ft  ® 

2  Pf  g 

3  0  0 
O  *0  3 
3  M  p* 
O  (D  pi 
M  c  O 


O 

O 

O 

O 

O 

O 

> 

> 

> 

> 

> 

> 

*3 

►3 

^3 

•3 

H 

> 

> 

> 

> 

> 

> 

►3 

►3 

►3 

H 

H 

Q 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

»3 

•3 

*3 

►3 

•3 

*3 

^3 

►3 

•3 

•3 

•3 

*3 

O 

O 

O 

O 

O 

O 

H 

•3 

*3 

►3 

►3 

►3 

O 

O 

O 

O 

O 

O 

►3 

►3 

*3 

•3 

O 

O 

O 

O 

O 

O 

o  o  o 

s  s  s 
s  ^  ^ 

•3  *3  i3 

o  o  o 
o  o  o 

H  ^3 
^  t3  ^3 

o  o  o 

*3  *3  »3 
2  0  0 
*3  13  ^3 
O  O  O 


O 

a 

O 

o 

O 

o 

O 

o 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

(D 

<D 

O 

O 

O 

O 

O 

Q 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O 

O 

O 

O 

o 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

O 

o 

o 

O 

O 

o 

O 

O 

O 

O 

O 

O 

o 

o 

O 

O 

O 

O 

o 

o 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

►3 

^3 

^3 

H 

•3 

►3 

►3 

►3 

►3 

►3 

►3 

*3 

•3 

►3 

►3 

•3 

►3 

►3 

•3 

•3 

*3 

•3 

*3 

►3 

►3 

►3 

►3 

►3 

►3 

*3 

O 

O 

O 

O 

O 

O 

Q 

O 

o 

O 

o 

O 

a 

O 

O 

O 

O 

o 

O 

O 

O 

O 

a 

O 

(D 

o 

O 

a 

o 

O 

O 

o 

O 

o 

O 

O 

O 

O 

O 

o 

O 

o 

O 

o 

O 

o 

O 

O 

O 

O 

o 

O 

O 

O 

O 

o 

O 

O 

o 

o 

o 

o 

O 

O 

o 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

►3 

*3 

O 

*3 

o 

►3 

►3 

•3 

►3 

•3 

•3 

*3 

•3 

*3 

»3 

►3 

*3 

•3 

•3 

*3 

•3 

►3 

►3 

•3 

►3 

►3 

►3 

►3 

>3 

i3 

O 

O 

O 

O 

o 

O 

O 

O 

O 

o 

O 

Q 

O 

o 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

<D 

O 

o 

O 

O 

o 

O 

O 

O 

H 

►3 

H 

►3 

*3 

•3 

►3 

►3 

•3 

►3 

•3 

*3 

H 

H 

•3 

►3 

►3 

•3 

•3 

►3 

*3 

•3 

►3 

•3 

•3 

►3 

►3 

»3 

O 

O 

o 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

•3 

*3 

♦3 

•3 

►3 

•3 

»3 

►3 

►3 

•3 

►3 

O 

•3 

►3 

►3 

«3 

•3 

►3 

►3 

*3 

•3 

►3 

•3 

•3 

►3 

o 

►3 

H 

^3 

O 

> 

gggggsiggsisssgggsgg 

o 

o 

a 

O 

Q 

Q 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

H 

*3 

►3 

►3 

►3 

H 

►3 

►3 

•3 

►3 

•3 

►3 

►3 

►3 

►3 

►3 

►3 

*3 

•3 

•3 

»3 

H 

►3 

►3 

•3 

i3 

►3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

•3 

•3 

O 

*3 

O 

•3 

►3 

►3 

•3 

►3 

•3 

►3 

*3 

•3 

•3 

*3 

•3 

•3 

»3 

►3 

►3 

►3 

►3 

►3 

*3 

•3 

*3 

f3 

*3 

o 

o 

O 

O 

I?- 

O 

O  O  O  O  O  O  O 

S  S  S  ^ 

^  ^3  >3  H  H  >3  ►a 


0Q>Q>Q>0 

OOOOOOOO 

>>00'3>»3> 

1  1  ■  P  1  1 

> 

o 

> 

o 

5- 

o 

o 

> 

> 

o 

o 

> 

> 

o 

o 

> 

QOOOOOOOOOOOOOO 

ooooooooooooooo 

>>>>>>>>;>>>>>>> 

> 

a 

o 

> 

5^  5^  5^  ^  ^ 

o  o  o  o  o  o  o 

o  o  o  o  o  o  o 

>>>>>>> 

S 

o 

> 

S  S  S  S 
0  0(^0 

o  o  o  o 
>  >  >  > 

S 

o 

> 

^  ^  ^ 
o  o  o  o  o  o  o 
o  o  o  o  o  o  o 
>>>>>>> 

o 

O 

O 

►3 

•3 

o 

►3 

►3 

o 

o 

o 

o 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

o 

o 

o 

O 

O 

o 

O 

o 

o 

O 

o 

O 

n 

o 

O 

O 

O 

O 

O 

O 

»3 

•3 

O 

*3 

►3 

►3 

O 

•3 

►3 

►3 

•3 

H 

►3 

►3 

►3 

H 

►3 

•3 

1 

*3 

O 

«3 

♦3 

►3 

*3 

►3 

•3 

►3 

►3 

►3 

►3 

*3 

•3 

*3 

*3 

H 

►3 

►3 

►3 

►3 

►3 

»3 

►3 

►3 

H 

►3 

►3 

•3 

►3 

O 

•3 

•3 

•3 

*3 

H 

> 

►3 

> 

►3 

•3 

►3 

H 

> 

•3 

*3 

H 

►3 

> 

►3 

O 

•3 

►3 

> 

►3 

^3 

> 

♦3 

o 

> 

•3 

►3 

»3 

•3 

*3 

►3 

♦3 

•3 

►3 

O 

O 

Q 

> 

> 

O 

> 

o 

O 

o 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

►3 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

Q 

O 

cn 

O 

O 

O 

o 

O 

O 

O 

O 

Q 

O 

H 

<3 

►3 

►3 

•3 

•3 

►3 

H 

•3 

•3 

-3 

•3 

•3 

►3 

►3 

•3 

►3 

►3 

•3 

►3 

•3 

•3 

►3 

*3 

►3 

►3 

►3 

H 

*3 

►3 

►3 

*3 

H 

►3 

►3 

»3 

►3 

►3 

•3 

•3 

•3 

•3 

•3 

•3 

•3 

«3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

O 

H 

•3 

•3 

►3 

O 

►3 

►3 

•3 

►3 

»3 

►3 

►3 

«3 

*3 

H 

*3 

►3 

►3 

<3 

*3 

►3 

»3 

►3 

H 

►3 

•3 

«3 

►3 

►3 

►3 

►3 

H 

H 

H 

•3 

►3 

•3 

»3 

•3 

•3 

•3 

»3 

•3 

O 

O 

O 

O 

o 

O 

Q 

o 

O 

O 

O 

o 

o 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

Q 

O 

(D 

O 

O 

O 

O 

Q 

O 

H 

*3 

*3 

►3 

H 

H 

*3 

H 

•3 

*3 

<3 

H 

•3 

•3 

►3 

*3 

*3 

»3 

•3 

*3 

•3 

►3 

•3 

H 

>3 

•3 

•3 

►3 

►3 

H 

*3 

•3 

O 

•3 

*3 

»3 

H 

►3 

►3 

•3 

•3 

*3 

•3 

►3 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

Q 

Q 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

a  TO 
3  O  P-lQ 
PI  P  3  p- 
ft  3  TO  3 
P  pi  3 

P*  ft  TO  Qj 
X  P-  Pi 
D*  O  ft 
Pi  3  Pi 
ft  TO  '• 


♦3>3*3*3»3*3»3»3>3»3*3>3*3*3»3*3*3»3^3»3i3'3i3*3*3»3H*3»3'3*3^3»3»3*3'3>3>3*3H>3*3*3 
►3*;3*3^3>3^3'3*;3;3»3|3j3*;3*3j3i3»3^3»3^3»3j3>3^3»3>3>3^3»3  i  •3i3»3*3^3^3^3^3i3^3>3^3»3 


pi 

.rr  ^ 


3 

O 

3* 


pi  00 

<  «o 

TO  '• 


nn 

o  o 

•3  *3 
O  O 

o  o 

§s 


*3»3HHHi3i3*3'3 

OOOOOOOOO 

►3i3»3^3^30>3»3»3 


►3  ^3  ^3  »3  ^3  ^3  *3 


182 


H*  H* 

o  *0  a>  (0 


CO  s 
a>  3  03 
H*  (D  D  50 
0)  3  H-  to  (D 


C  S'h-'D  P  H-P 


3:>xootsow»on'p03:co2*pD3>r' 


CTh-o  H«rTfi  rroi  to  rr 


O'croco  »3H-«t)(i>{DO'Nwo>H-h<H-Mnon3cr 
tr  (D  rrn  03(Q  H-OI  PP  K-m  030*0  H*'0‘<  030*  P- 
O  OiP'S  <0  H-O  ap-P'fT'O  B»  rTp)»0  0>  rTW*0  <*d 
*0  ft  M'd  '  ““  “  ■'  ••  —  ••  —  —  —  ^ 


non3CrftP‘*^3^iPo^r 

o  g  ft  p-  p-  *<  c  p*  (T  o  *< 
w*o<*dft'Op  ap'p'M 


o  ft  I  H  ro  o  (0  >  I 
Hp-crop'ft*oP( 


*>31^  p  o  rr*^  0  p-Mftp-p'0)go  o  rrMP  p-(DP'3 

C  P‘rrO*<  prrft  p'NftH'rrftCTi;  OO  rra3o  O 

pap'MMpJtrpooPftonoo'OPtrp-o'OP 


h<P'0(i)'^P'C^<m^<P'rrftrrp'OP*OOfift<Qp-oftftnp'rr*aft<TOrrp'*a^irTOOm 
o  owe  o  MMft  ftp-w  Orrero  3  p-P  *^0  rrp'C*o  <  prrCLP'w  P  P‘«Q  M  p*ft  w  p-^tp  p* 


OWP‘n)ftftftftftftP‘ft3aftrrp-P*( 


ft  rr  C  P-O  p-rrp-i-p'O 


S  S  S  S 

»-3  1-3  *-9  *-3 
H  H  H 
O  O  O  O 
•3  H 

>  >  >  > 
noon 
o  o  o  o 
►9  >  o  > 

I  >  I  < 


>  >  >  > 
noon 
^  ^ 

>>>> 
o  o  o  o 


>  >  >  >  : 
*-3  H  *-3  H 
H  H  H 

o  o  o  o 

h3 

>>>> 
o  o  o  o 
H  o  o  o 

O  >  I  t 
H  I  I 
till 
lilt 

n  I  h3 
^3  H  ►a 
*3  •-S  H 
>  >  >  > 
o  n  o  o 
H  ^3  »3  ►e 
>  >  >  > 
o  o  o  o 


f?  s  s  •? 

►3  *3  1-3  ^3 
►3  H  •-3  ^3 

o  o  o  o 

♦3  ^3  ^3  ^3 


O  H  O 
I  O  O  > 
t  H  *3  1 

lilt 

lilt 

►3  o  n  I 
*3  >  *3  ^3 
►3  H  *3  13 
>  >  >  O 


>>>^3>>>»3•3•3>•3►3•3•3►3•3H3►3^3^3•3*3•3►3•3H•3►3^3^3•3^3»3♦3•3*3^3^3»3>^3l3»3>*3H>3 

H»3HH^3'3^3»3'3'3'3HH*3*3*3HH*3»3*3'3'3H'3'3‘3*3^3t3t3H*3*3*3»3^3i3t3'3'3*3*3^3'3*3Hha 

gC^C^OOOC^OOOO  O  O  C}OOOOOC^OOOC}OC3  O  0000C300000000  O  O  O  O  O  O  O  C3 

O  OOOOOOOCOm  O  (DOOOOC^OOCDOCOOO  O  O  O  O  O  O  C3  w  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

ooooonooooooonoooooonoooooooonnoooooooooooooonoo 
n^3'3on^3onor)Ooooonooooooooooooonoonoonoooonnoo»3ono 
O  O  (D  O  O  O  O  O  O  O  O  OOOOOOOOOOO  O  O  OOOOOOOOC30000  o  o  o  o  o  o  o  o  o  o  o 

►3^3H»3'3'3>3>3'3H»3H»3H*3»3'3*3»3*3'3t3'3HH»3^»3*3'3H3f^^^HH»3H'3*3»3»3H»3*3»3^3H»3 

0(PO(i3000(t300(PC3C300000000  O  O  O  O  O  O  O  (T)  O  O  O  CD  O  (D  O  CD  O  O  O  O  O  O  O  CD  ID  O  O 

^5►^^^^^^^^3^^^^0^3•3►3►3H3^^H^3►3^3^3H•3H•3*3•3♦3^3^3*3►3^3H•3^3•3►3•3►3•3^3»3•3H»3•3^3•3 

^^3^3►3►3•3*3•3*3•3^^3^3'3•3•3H•3•3^3►3^3•3►3•3»3*3•3^3^3H•3►3^3•3^3'3•3•3•3H^3*3•3t3•3►3^3 

nooononnontDCDonnoooooooonnooocDonocDnoonooncDOOOcDonn 
•3^3*3^3'3^3*3*3*3'3'3»3^3*3^^*3>3*3»3^3^3^3H*3»3»3'3^3'3^3H*3»3H'3'3'3HH*3H'3'3H»3^^3 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
O  (DCDOOCDCDOCDO  CD  CD  CD  CD  ID  CD  O  CD  CD  CD  O  CD  CD  CD  CD  CD  D  CD  O  CD  CD  O  O  O  CD  CD  CD  O  CD  CD  CD  CD  CD  O  CD  O  CD 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><>>>> 
CD  CDOCDOOCDCDCDCD  CD  CD  O  CD  CD  CD  O  CD  D  O  O  O  Q  CD  CDCDOCDOOCDCD  Q  CD  O  O  O  CD  O  O  O  CD  O  Q  O  O  O  O 

ncDCDooooooocDonooonoooonoooocDOOOOOooonooooocDonnooo 

^9^9h3k9H*3»3'3‘3'3^3*3'3»3»3^*3HH^3^3^3*3*3^3»3H^3H^3»3*3*3H»3»3H»3»3*3»3»3'3^^3'3*3^3 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

oocDoooonnoonooooooonooooooooocDniooonooocDooooooooo 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

Jg::3?9j:gJg^^^3^9»^,.3^^^9H'3>3t3Ht3^3i3t3'3'3H*3H*3»3t3*3H^3»3H'3'3‘3H^3*3*3*3^3*3^3^3t3*3 

CDCDOCDCDCDCDCDCDCDOCDCDCDCDCDCDCDCDCDCDQCDOOOCDOCDCDOCDQCDCDOCDCDOCDOCDOCDCDOOCD 

CDOOOOOnOOOnOOOOOOOOOOOOOOOCDOOOOOOOOnOOOCDncDOOCDOOO 

OCD>(DOCDCDCDCDCDIDOOCDCDCDQOCDCDCDOOCDQOOCDCDOCDCDCDCDCDCDCDCDCDCD(DOOCDOOOCD 

^>OH>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

I  I  I  «-3  I  I  I  I  I  I  I  I  I  I  I  I  t  I  I  I  1  I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  I  I 


CD  O  O  CD 
►3  >3  *3  *3 
O  O  O  O 
O  O  O  O 
H  O  O  O 
O  CD  >  O 
>  >  >  > 
O  O  O  O 
I  *3  *3  ^3 
I  1  *3  1 


CD  CD  (D  O  ' 

•3  *3  *3  *3  ' 

O  CD  O  O 

O  O  O  O 

O  CD  O  O 

(D  O  Q  O 

>  >  >  > 

CD  O  O  CD 


O  O  O  CD 
*3  ^3  *3  H 
O  CD  O  CD 
O  CD  n  O 
O  O  O  O 
CD  CD  CD  CD 
>  >  >  > 
O  O  CD  O 
•3  ►3  H  *3 
►3011 
O  *3  I  I 


CD  CD  CD  CD 
•3  *3  H  *3 
O  O  O  O 
O  O  n  O 
noon 
CD  O  O  CD 
>  >  >  > 
O  O  O  O 
•3  *3  H  ^3 


>  ^  O  > 
O  CD  O  CD 
•3  *3  *3  ^3 
O  O  O  ►3 
O  O  O  O 
O  O  O  O 
CD  O  CD  O 

>  >  >  > 
o  o  o  o 
H  *3  *3  *3 
I  O  O  I 

I  H  H  1 


>  ^3  *3  ►g 
o  o  o  o 
*3  >3  13  *3 
CD  CD  Q  O 
cD  cD  cD  <D 

gpi 

CD  O  CD  CD 
CD  CD  CD  O 

>  >  >  > 
I  *3  ^3  H  *3 
I  Q  CD  CD  O 
I  O  *3  O  i3 


•3  ^3  *3  ^3 
O  O  O  O 
►3  1  *3  H 
O  CD  Q  CD 
Q  CD  O  (D 

Q  CD  O  CD 
(D  Q  CD  Q 
O  <D  O  CD 

5  S  S  S 

CD  CD  CD  CD 
•3  *3  >3  H 


•3t3CD^300H*3H 
0000^3CD000 
t3^3S>'*3ni3*3H^3 
CD  CD  O  CD  O  CD  ID  O  O 

OcDOcdcDcDcDcDiD 


I  I  I  t  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

!ni30»3^3>‘3*3^3'3*3H00H»3'3*3 
^•3oooocDo>oooncDCDnooo 
l*3»3CD*3H'3»30*3*3»3*3»3*3'3^3^3^3 
tCDOCDQCDCDcDQCDOCDCDOOOCDcDCD 
i  O  O  ^  O  O  1  O  O  O  O  OCDOCDCDOCDO 

ICDQQQQCDCDCDCDQCDOCDCDOOCDCD 
lOOOOOOOOCDOCDQOOQCDCDCD 
)  O  CD  O  O  O  O  O  O  O  O  CD  w  O  CD  O  O  O  CD 

<>>>>>>>>>>>>>>>>>> 
J*3'3H*3'30'3^3'3'3H^3»3'3^H^'3 
iCDcDOOOCDCD  O  O  CD  cD  O  CD  O  O  CD  O  CD 

3>3i3»3*3*3'3i3*3'3^3^3H'3'3^3^3*3»3 

3t3*3i3^3*3t3^3»3*3^3i3»3*3Hi3^3»3^3 

3►3►3►3►3H•3•3^3►3•3•3►3►3►3^3^3►3•3 

3t3»3'3t3^3H»3HH»3HH'3»3^3'3HH 

*>>>>>>>>>>>>>>>>>> 


183 


H  *-3  MS 

n  (D  3 

H-  H*  *-3  {t> 

O  *0  (D  M  0)  3 

tr  ro  rr  o  w  <Q  K- 

O  a  ^  (D  H*  O 

»0  01  M  *0  H  3  *0 

M  »—  h-  tr  O  O  M 

0>  M*  p  0)  <t»  *0  K- 


3Cy»-'»03H-D'dH-M  t-9  p 

D‘trH*OH*rrtirrpwrT  3t-3rr 
P  P  NM  P  H*h>'00*T3D'P  3''>3 

MW  O  3  OTJ  H-TSK  o  3  PH-H-*^  c 
i-'rr'Op  ftp'd  P  rrw*0<*a  3*0  3 
'CHOTflH-rrprr3'03'00»-tP(Q 
f-'pp  H-w  Orttro  3  P-3'^  OfTH* 
PP3POM3'PPPPPPP3'P 


s  >  X  o  n 

ro  o  p  p  o 

rr  p  h-  O 

3  O  (T  •< 

H*  (T  O  *<  3 

a  3*  t-'  »-•  P 

H-  o  p  P  n 

3  *0  <  3  ^^ 

^  (T  p  rr  H* 


^n»aoxw3f3ro>r  >> 

PP3‘POft|  MffinpP'33 
Mp'O&rr® 
ip  H-  g  n  O  rrM3  H"P  3‘3 

'NpH-rrp3'«  OOrraSOO 
O3POrroP'0  3CrH-0'C3 


Pfr3rrtr*0h!rr 
3  3*  tQ  H'  p  m  H' 
rr  C  H-  o  p*  rr 


p  O  W  3  M  p- 

I-  (Q  p-  p  p  p 

M  O  M  P*  3  O 


H  H  H  *-3  H 

*-3  H  -3  ^  H 

>>>>>>> 
O  O  O  O  O  O  O 

>>>>>>> 
^  O  H  ^3  O  *-3 

O  H  O  O  ►9  H 

>  >  n  n  ^  > 


•-3»9*-3*-3'-3»-3'-3*-3»-3'-3'^*^'-3H*-3*^'-3«^'-3»^»3 

>>>>>>>>>>>>>>>>>>>>> 

OOOOOOOOOOOQOOQQOOOOQ 

>>>>>>>>>>>>>>>;>>>>;>> 

►^►^►3*-3*-3*-3»^»-3n*-3*-3J^*-3HH»^H'~3HHH 


o  o  o  o  o  o  o  o  o  o  o  o  o  o 

>>>>o>o>^^oono 


n  n  n  n  n  n  a 

o  n  o  o  o  o  n 

H  *3  *-3  H  *3  H  H 

o  o  o  o  o  o 

o  o  o  o  o  o  o 

>  o  >  o  o  o  o 


(J  IJ  (J  IJ  tJ  iJ  (J  (J  W  ii  (J  U  IJ  fJ  (j  (J  (J 

►3OO0OO(DOOOnO(DO<D00nQ 

onooonoooonooonnooo 

nOQOOOOQQOCOOCOOOCO 


oooonooooooooooooo 

oooooooooooooooooo 

H'-3^3'-3*-3p»^'-3»-3'-3'-3H»-3*-3H^3>^*-3 

(DO<DC:iOnQOQO>OOC3QOOO 

oonnooonoooooonooo 

OGOOOOOOOOOQO^OOOO 


onoooooo 

oooooooo 

oooooooo 

ooononoo 

oooooooo 


o 

a 

o 

o 

*3 

o 

1 

O 

o 

O 

o 

o 

o 

O 

O 

O 

O 

O 

O 

o 

Q 

o 

o 

<73 

O 

a 

o 

3 

O 

o 

O 

O 

O 

<73 

Q 

> 

<73 

O 

Q 

O 

<D 

(73 

(73 

O 

0 

o 

o 

o 

*3 

♦3 

*3 

*3 

O 

o 

> 

o 

o 

o 

O 

o 

O 

O 

O 

•3 

o 

Q 

o 

o 

O 

O 

o 

o 

73 

O 

o 

Q 

*3 

*3 

O 

*3 

o 

O 

O 

o 

O 

O 

(73 

O 

O 

0 

o 

•3 

*3 

o 

*3 

o 

*3 

*3 

*3 

1 

*3 

*3 

*3 

*3 

*3 

•3 

*3 

•3 

*3 

•3 

o 

*3 

*3 

►3 

♦3 

*3 

H 

"3 

•3 

*3 

*3 

^3 

1 

H 

*3 

*3 

*3 

►3 

*3 

3 

•3 

*3 

*3 

*3 

*3 

•3 

*3 

O 

o 

1 

*3 

*3 

•3 

a 

1 

•3 

•3 

*3 

•3 

*3 

•3 

*3 

*3 

*3 

1 

O 

*3 

*3 

H 

•3 

*3 

•3 

"3 

•3 

*3 

*3 

H 

1 

*3 

•3 

o 

*3 

O 

*3 

*3 

•3 

*3 

*3 

*3 

•3 

•3 

1 

> 

1 

1 

1 

1 

*3 

1 

1 

I 

t 

1 

t 

1 

1 

1 

i 

i 

*3 

1 

1 

1 

1 

1 

i 

1 

t 

1 

1 

1 

1 

1 

*3 

1 

O 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

> 

1 

1 

\ 

i 

1 

1 

1 

1 

t 

» 

1 

O 

1 

1 

t 

1 

1 

t 

1 

I 

1 

1 

1 

1 

i 

*3 

1 

*3 

i 

1 

1 

t 

3 

t 

1 

1 

J 

t 

1 

; 

1 

n 

1 

1 

i 

1 

1 

1 

1 

J 

1 

1 

o 

1 

i 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

1 

i 

(73 

1 

*3 

t 

t 

1 

i 

1 

t 

1 

1 

o 

J 

1 

1 

t 

J 

o 

1 

t 

\ 

t 

1 

1 

1 

t 

t 

1 

o 

1 

1 

1 

1 

1 

1 

1 

1 

t 

1 

1 

1 

J 

1 

> 

1 

•3 

t 

1 

1 

J 

1 

f 

1 

1 

•3 

1 

J 

J 

1 

1 

o 

f 

1 

1 

1 

1 

1 

1 

1 

t 

I 

o 

1 

i 

1 

1 

1 

1 

1 

1 

1 

t 

1 

1 

1 

i 

•3 

1 

O 

1 

i 

1 

1 

1 

t 

1 

j 

O 

O 

•3 

O 

1 

1 

t 

J 

1 

1 

O 

o 

*3 

t 

1 

t 

1 

1 

1 

1 

1 

1 

o 

1 

1 

1 

1 

1 

1 

1 

1 

1 

J 

1 

t 

1 

1 

►3 

1 

*3 

<73 

> 

O 

1 

1 

t 

1 

1 

1 

1 

o 

o 

J 

> 

i 

1 

*3 

1 

o 

o 

> 

i 

o 

J 

o 

1 

o 

> 

o 

1 

O 

1 

o 

1 

o 

1 

i 

5 

o 

1 

o 

I 

o 

o 

o 

O 

o 

1 

o 

1 

o 

1  ( 

“3 

P* 

t 

n 

1 

O 

1 

o 

1 

O 

1 

1 

1 

n 

1 

n 

1 

i 

1 

O 

1 

O 

t 

O 

o 

o 

O 

> 

o 

> 

•3 

o 

O 

o 

O 

o 

o 

•3 

> 

o 

*3 

*3 

•3 

•3 

*3 

*3 

•3 

O 

o 

*3 

*3 

o 

o 

•3 

*3 

P* 

o 

•3 

H 

C3 

<73 

*3 

n 

t 

*3 

3 

•3 

H 

o 

o 

o 

n 

o 

O 

o 

►3 

o 

o 

O 

o 

Q 

O 

O 

o 

O 

O 

O 

O 

O 

Q 

8  8  8 

O 

C 

o 

O 

o 

o  < 

3 

o 

O 

(73 

(73 

9 

Cl 

o 

t 

<n 

O 

O 

O 

o 

(73 

0 

Q 

0 

o 

> 

O 

o 

> 

O 

> 

o 

O 

*3 

o 

O 

O 

O 

O 

O 

O 

O 

o 

o 

Q 

O 

o 

O  ( 

73 

o 

O 

O 

O 

O 

n 

o 

t 

O 

O 

O 

o 

o 

O 

(73 

o 

O 

O 

o 

O 

o 

o 

O 

o 

o 

*3 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

o 

o 

O 

O 

o 

O  < 

75 

o 

O 

O 

O 

O 

o 

o 

1 

O 

O 

O 

o 

o 

O 

O 

o 

O 

O 

o 

O 

*3 

o 

O 

o 

o 

*3 

O 

o 

o 

O 

O 

O 

O 

O 

O 

O 

o 

O 

o 

o 

O 

O 

o 

o  < 

73 

o 

O 

O 

O 

o 

o 

o 

O 

O 

o 

O 

o 

o 

O 

O 

o 

O 

O 

(D 

n 

a 

o 

O 

o 

o 

*3 

a 

o 

o 

O 

O 

O 

O 

Q 

Q 

o 

o 

o 

o 

o 

O 

O 

<n 

o  < 

73 

o 

O 

O 

O 

(73 

o 

o 

O 

Q 

O 

o 

<73 

0 

<73 

0 

0 

O 

O 

o 

o 

*3 

*3 

•3 

o 

O 

o 

> 

o 

O 

O 

O 

O 

O 

O 

o 

o 

o 

o 

o 

O 

O 

o 

O  ( 

75 

o 

O 

O 

O 

<73 

o 

a 

o 

<73 

b 

<73 

o 

<73 

0 

O 

o 

0 

H  *-3  O  *-3  *-3 

►^►30*0 

o  I  n  J  *-3 

I  I  >  J  o 


n  H  ^3  *-3  *-3 

H  H  H  O  H 

>  o  o  n  o 

O  ^3  H  ►a  ^3 


I  I  I  I  I  1-3  I  i  I  I  1 

I  I  O  I  I  IP*  H  1  1  I  1 

•-9^30*-3nS'0*-3^3^3H 
OOOOOOOOO  o  o 
ooooo>ooooO 

»3*^0*-3^3*-3t-3HH^3H 
OOOOOOOOO  o  o 
>>>>>>>>>>> 
►3^3HH'^n^3^3^3^3H3 
h3^3H»-3'^»3-3'-3HHH 

oonnooooooo 

H^3^3-3k9i-3H^>'-30 

>ooo>o>>^>> 

oooonoooooo 


►3  H  *-3  ^3  H  H  ^3 

o  o  o  o  o  o  o 

o  o  n  1-3  o  >  > 

►3  ^3  H  O  H  O 

t  I  I  O  >  )  I 


0H000^3H0 


►3  ^3  *-3  »-3  H  t-3  ^3 


j  J  I  I  1  I  I  I  I  I  I  ioii-3ioooo>n>> 

)  I  I  I  . . . 

t-3^3^3t-3t-3*-3'-3O*-3H»30H*30^3^3*3*3^3*-3*-3*i»-3 


HH*3»3HH»3^3 
I  k3  1-3  t-9  t  H  O  O 

I  I  >  >  >  O  O 

I  1  ^  O  O  ^3  O  ^3 

I  I  O  O  n  i  I  I 


►3Ht-3'-3>-3^3^3>»-3^3^3HH^3Hi-3'-3HHi-3H^3H*^t^HH*3HHHH^3 

o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  O  O  O  O  O  O  O  O  O  O  O  O  o  o  o  o  o  o 

O  O  O  O  OOOOOOOOOOOoOOO  O  O  O  o  o  O  O  O  O  O  O  O  O  o 

^3►3»3»3►3♦-3►3♦3^3^3*3^3^3►3H►3►3►3H*-^•-3*-3*-^•-^•-^►3•-3^3►3•-3►3H•-3 

o  o  o  o  ooooooooooooooooooooooooo  o  o  o  o 

•^h3«-3^>~3>^HnOt-3>^>-3»3^t-3i^*-3»3*-3i-3*-3*-3*-3*-3H'-3*-3>-3HH*-3^*^ 

^►3t-3^3000n^3f3^3HH0^3HHHH»-3HHH*3HHH*3nH»3^3^3 

onooooonoooooooooonooooonoonooono 

►3'^H*-3^3^3HH^30^3^3^3^3^3^3^3^3HH*^H^3^3^3»3^h3^3H^3H^ 

>>>>>>>>>>>>>>>'>>>>>>>>>Ci>>>>>>>> 

0000?^^^00p'000?>'0?>'00000000000>>'5>'0>00 

>3^H*3^3H^H^3^3^3^3^3H^3HHt-3*3»3»3H»3^3^3HHH^3H^3*-3»6 

onoooooooooooooooooonnoonnoooooon 


►3  H  ^3  ^ 
►3  H  ^3  ^3 

o  o  o  o 
o  o  o  o 

•-3  H  »3 

o  o  o  o 
S  S  S  S 

►3  *3  H  ^3 
H  H  *3  <3 
O  O  O  O 

•3  *3  *3  *3 
o  o  o  o 


•3  *3  *3  ^3 
^3  *3  O  O 
>  O  *3  > 
•3  i3  *3  > 
O  O  O  O 
O  O  O  O 


>  >  >  > 
►3  O  O  *3 
O  O  O  O 
O  O  O  O 
O  O  O  *3 
O  O  O  O 
H  »3  ^  *3 
►3  H  *3  *3 


•3^3*3*3»3t3^3*3H»3t3'3H*3'3*3‘3t3t3'3H»3*3'3 

o  ^  ^  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  ^ 

i3*3'3>»3'3t3>>>3>>>>>>n>t3*3>>H^ 

•3*3HHOt30H^3»3'3*3*3*3t3^3*3t3t3t3*3HH»3 

oosoooooonoonoooonnonooo 
o  o  o  o  o  o  o  o  o  o  o  o  o  o  ooooooooo  o 

^3^-3»3•3*3»3^3H^3H►3*3^3♦3•3t3^3t3>3►3^3►3►3v3 

ooooooonnnrjnnooooononnno 
O  O  O  O  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

0*30000000000000000000000 
>>>>>>>>>>>>>>>>>>>>>>>> 
00»3»3'3H*3000*3*3»3*30000*3^3^300> 

O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  o 

O  O  O  O  O  O  O  O  O  O  O  O  o  o  o  o  oooooooo 

00000000000000000000000*3 

oooooooooooooooooooooooo 

0*30*3*3*3*3*3*3*3^3*3^3*3^3*3*3H*3H^3^3*30 

•3i*30*3«iiii<*iiiii»'3'3ii«i 


0*3*3HOO>3^0QHO>HOQOOOO 

0>00>>>*3>>H>*3*3*3^3*3*3»3> 

>*3>*30*3*3*3*3>*3^3HH*3^30*3*3*3 

HOOOOOOOOOOOOOOOOOOO 

o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

>^3»3»3*3*3H*3>3^3*3*3*3*3*3*3*3*3*3*3 

*30000000000000000000 

oooooooooooooooooooo 

oooooooooooooooooooo 

>*30*300*30000*3*3*3*3*3*300*3 

oooooooooonooooooooo 

O  O  G  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

onoooooooooooooooooo 
oooooooooooooooooooo 
0*3*3*3  I  ♦3t3*3*3'3'3*3*3*3H*3*3*3*3H 
I  t  1  i>i  J>*3«  I  i»3*3*3*3*3‘3*3'3 


184 


W  X 

0)  3  to 

I-  fl)  M  a  » 


2>»a:oocsiow'oO'T3  03:trt2'oto>ir‘ 


ws  c^3?o*flw>o>  t3  to  2>»a:oocsiow'oO'T3  03:trt2'o 

nh  (ODtO  gCEri-'*03H-3'dH-<n  H  O  a)O0iIi»OO(D3D>fl)3*(1>OfT| 

H'H'H  i-fl)Ma»&'CrH-OP-rrhCrroiwrT  CHrr 

OWcptn  0>3i-**n>a)n)lMNCoti>H*»iM*»-«oo*tJD'o>3'*5dhi3ort‘<3H*»->o>H«i-»lM3oo  rr 

3‘<l)rrOt0«3H-p»33»-'WO3O*dH**0‘<O3»H*H-S  CM*rTO*<3rtOi>-*Nl»i-*rriD  3*4;  o 
O  0  H-O  hJOiH'MrttJtt  n-0>*OJM  rtW'0<tJtt'D  3  p.3't--»-'0>  3*3  O  O  30>  O  rtootj 

*00)M'd»^3t3n»^tH*CHWMH'rrfffT3'O3'OOHti>uaH-O0>0»OP-rr'00irrDrtcr'anrT 


h-'i-'Mtroo  m  CO  Ml— pj  ciiH-oj  00-3*0  g  p*3  tioop- 
CUH-P)pi<i)*OH-3top)pia)3(nom3'OP)(up>P)(upi3‘Pi 


a)00iIi»00(D3D>fl)3*l1>0O|  »iooa)>33 

OgM0tit»»-<Jl>fit1‘<^{PH-0*0l-0J'a3O(t) 
»i30O‘<3H*M0>MI-lM300  01-3  H*fl)3’3 
moo*<3oOimni»i—  Off  3*4!  0000,300 
a,3*Ml-ff3*3003ff0O0fl)'033*H'0'C0. 
H-0ffff0P-O'0ffO0O3*'aPO(T>0W3MH- 
C*0  <  CODiO*®  3  3*IQ  np'ff  W  MMIQ  H-rt)  (D  ff 


•0  <  30CL3'W  3  3*IQ  np-ff 


Off  O  P-  M  ff 


OH-Mf-O  W  P*C  O 


1 

0 

1 

> 

1 

1 

1 

1 

1 

t 

( 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

n 

1 

1 

1 

1 

1 

i 

1 

1 

•9 

1 

1 

►9 

1 

1 

t 

I 

i 

> 

0 

n 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

t 

> 

*9 

1 

1 

1 

t 

t 

1 

1 

1 

n 

( 

1 

0 

1 

1 

t 

1 

1 

1 

*9 

^9 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 

i 

1 

I 

1 

i 

H 

1 

I 

1 

1 

t 

1 

1 

1 

•9 

1 

1 

0 

1 

1 

I 

1 

I 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

• 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

H 

1 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 

i 

1 

*9 

►9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

t 

1 

1 

t 

1 

1 

1 

1 

• 

1 

1 

1 

1 

t 

1 

1 

1 

0 

0 

1 

1 

( 

1 

I 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

J 

1 

1 

1 

1 

►9 

H 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 

l 

1 

1 

1 

1 

*9 

1 

1 

t 

1 

1 

< 

1 

I 

1 

*9 

i 

> 

1 

I 

1 

1 

1 

1 

1 

1 

t 

1 

i 

1 

*9 

►9 

1 

1 

1 

•9 

1 

1 

1 

1 

1 

1 

1 

t 

1 

1 

I 

1 

1 

•9 

*9 

1 

1 

1 

1 

1 

i 

1 

0 

O 

0 

►9 

0 

0 

•9 

•9 

0 

►9 

n 

•9 

0 

•9 

»9 

0 

►9 

•9 

0 

0 

►9 

0 

0 

►9 

0 

•9 

•9 

•9 

►9 

1 

1 

0 

H 

0 

f9 

•9 

0 

0 

H 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

►9 

•9 

n 

0 

»9 

•9 

►9 

*9 

0 

►9 

> 

0 

0 

> 

0 

> 

> 

> 

0 

> 

0 

0 

0 

►9 

> 

0 

0 

0 

n 

n 

0 

0 

0 

0 

0 

0 

0 

0 

> 

0 

n 

♦9 

*9 

0 

> 

0 

n 

0 

> 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

n 

0 

0 

0 

0 

0 

O 

O 

n 

0 

0 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

O 

o 

0 

0 

0 

n 

0 

n 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

*9 

«9 

►9 

•9 

•9 

•9 

»9 

H 

»9 

•9 

H 

0 

0 

•9 

•9 

►9 

0 

0 

0 

•9 

n 

•9 

►9 

0 

*9 

0 

•9 

0 

0 

0 

n 

0 

h3 

H 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5? 

0 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

h 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

n 

0 

0 

0 

0 

O 

0 

n 

0 

0 

n 

n 

0 

0 

0 

O 

O 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

n 

0 

n 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

k 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

$ 

1 

> 

•9 

•9 

►9 

•9 

►3 

•9 

•9 

•9 

H 

*9 

•9 

►9 

►9 

►9 

►9 

►9 

•9 

►9 

►9 

•9 

►9 

►9 

►9 

►9 

n 

•9 

•9 

*9 

►9 

•9 

H 

♦9 

•9 

♦9 

►9 

>9 

J9 

H 

»9 

0000 
o  o  > 

H  O 
H  H  n 
n  o  o  o 

H  •3  H  > 

0000 

III! 

H  >  H  > 
^  ^ 
noon 
►9  H  H  *3 

0000 

0000 

0000 


00000 

^ 

H  H  H  H 

►9  >9  ^9  H 

00000 
>  >  >  >  > 

:  >9  H  >-3  ^9 

:  H  H  »9  ^9  H 

00000 


00000 

►9  ^9  *9  H 

►9  *9  ^9  ^9  >9 

•9  >9  ^9  *9  »9 

00000 
S  S  S  S  S 

*9  *9  *9  *9  *9 

•9  *9  ^9  *9  >9 

00000 


00000 

►9  •9  *9  H  •9 

O  *9  H  >9  *9 

>  H  ^9  ^9  H 

00000 
S  S  S  S  S 

►9  ^9  H  >9  H 

►9  ^9  H  *9  H 

00000 


00000 

*9  *9  *9  *9  H 

»9  2  H  *9  >9 

>9  *9  *9  >9  H 

00000 
>  >  >  >  > 

•9  »9  *9  ^9  e 

►9  *9  H  »9  ^9 

00000 


•9  *9  *9  *9  >9 

•9  *9  *9  *9  *9 

•9  *9  *9  *9  ^9 

00000 
►9  H  H  *9  *9 

00000 

00000 

00000 


•9*9^9H»9'9^9»9H»9 

►9»9*9*9i9^9»9*9»9H 

►9H»9i9i9*9^9'9»9‘9 

0000000000 

•9'9'9'9'9H3faH»9'9 

oooooooooo 

0000000000 

oooooooooo 


►9^9H^9'9^9e^9*9»9^9*9*9*9*9*9«9'9^9^9*9^9^9*9*9 

►9^9H»9^9^9»9^9H*9*9*9^9*9»9'9H'9HH^9»9H»9'9 

0000000000000000000000000 

0000000000000000000000000 

0000000000000000000000000 

0000000000000000000000000 


000000000000000000000000000000000000000000000000 

^^►^K3f9H»9‘9HH3^e'9»9»9^9H*9^9'9'9HH'9H*9^9H'9^9'9*9*9H'9*9^9H^9H^9»9H*9^H*9'9'9 

»9*9*9»9»9*9»9*9^9*9*9*9*9*9H*9»9*9H>9>9»9»9»9*9*9*9*9*9^9*9»9^9*9^9i9»9*9*9»9*9>9»9'9»9'9»9'9 

000000000000000000000000000000000000000000000000 

oooooooooooooooooooooooooooooooooooooooooooohooo 

•9•9•9►9*9►^►9*9•9»9^9*9*9•9►9*9•9^9»9►9•9•9•9»9►9^9•9►9►9*9•9^9^9♦9»9*9•9^9►9►9»9•9*9•9•9^9»9►9 

»9O*9»9*9O*900O00O0OOO0‘9OOQQ0OO00QOOO»9QOHOOOO00ClQOO0O 

*9>9»9'9.^i^HHH'9HS‘9HHi9*9HHH*9^9'9'9»9»9^9H^9^9*9*9HH*9H*9'9H*9*9i9l9*9*9*9'9*9 

000000000000000000000000000000000000000000000000 

OOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOQOOQOOOOOOOO 

►9»9'9^^9*9»9*9*9H»9'9H‘9i9i9HH'9‘9»9^9HH'9*9*9'9»9^9'9^9»9hJ959J9I959hJ9I9!9J9!9!9J9J9 

OOOOOOOOOQOOOOOOQOOOOOOOOOQOOOOOQOOQOOOOOOOOOOOO 

oooooooQHOooooooooo 00000000000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


nooooonooooooooooooooonoononoonnonoooooononnoooo 

•9»9nOHO*9*9*9*9*9*9*9»9*9^9»9H*9>9»9^9H‘9‘9»9*9>9»9*9*9»9‘9>9H*9*9*9»9»9*9»9»9>9H»9*9*9 

^9»,3»,3^3K3i^»,3k3H3*9H>^*9>9>9«9H»9»9»9H*9^*9H>9*9H*9H>9*9>9«9*9*9»9HH»9H«9«9*9>9*9*9«9 

oooooooooooooonooonoooonooooonooooonnnooonoonnoo 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>,>>>>> 

•9»9h*9*9*9*9*9*9*9*9HH*9*9'9»9'9*9*9»9*9*9*9HHH»9*9'9*9*9H»9*9*9*9‘9*9*9»9*9*9*9»9*9*9'9 

000000000000000000000000000000000000000000000000 

000000000000000000000000000000000000000000000000 

»9*9»9»9*9*9*9»9*9*9*9^3^9»9»9*9»9'90»9*9»9H*9*9*9»9*9»9^9»9»9»9*9*9»9*9*9»9»9»9H*9*9H*9»9'9 

*9*9*9*9*9*900*9'9»9>9'9*9»9>9'9>9»9*9'9>90H»9^9*9O»9»9H^90»9*90»9»9»9*9*9»9>9*9*9*9‘9»9 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnonnnnnnnnnnnnnn 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQQC^OOOOO 

o  o  o  o  o  o  o  o  o  Q  o  o  o  o  o  o  o  o  o  o  Q  o  Q  oooooooo  o  o  o  o  o  o  o  o  o  0000  ^  o  ^  ^ 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOoOOOOOOOOOOOOOOOOOOO 
K3,^«^»^»^t^«^i^i^»,3H»9*9«9»9*9*9*9«9'9»9i9»9>9«9«9*9*9»9»9HH»9»9>9HH*9i9«9>9HH<9>9*9»9H 
3'^0>>0>00000000000000000000000000000000000000000 

oooooooooonoooonooooonoonnoooooooooooooooooooooo 

o  o  o  o  o  o  000  o  oooooooooo  o  o  o  o  O  o  O  O  o  0000  o  000000  o  o  o  o  o  000 

oooooooooooooooooooooooooooooooooooooooooooooooo 
>>>>>>*>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
000000000000000000000000000000000000000000002000 

♦9*9*9*9*9»9*9*9HH*9*9h*9*9^^H*9^»9»9*9*9^*9J9*9»9h>9I9H*9*9»9*9*9*9*9*9»9*9*9*9»9*9*9 

I  I  I  t  I  t  I  I  O  I  I  I  I  I  I  I  *  >  I  i  I  •  I  I  I  I  I  )  I  I  )  I  I  I  I  I  I  i  t  t  I  I  I  I  I  I  t  I 


185 


h3  H 
n  h  , 

H-  H* 

O  (D  W 


I  ?o  §*  I 


3* 

(B 

rr 

0 

a 

(Q 

H* 

3 

3 

3 

0} 

0 

3 

0 

•d 

H- 

•d 

K 

0 

a 

H- 

(D 

H' 

0 

a 

H* 

H* 

rr 

•d 

P> 

rr 

p> 

TJ 

PI 

rr 

•0 

o» 

»-* 

•6 

rj 

3 

•0 

<B 

n 

c 

n 

m 

K 

H- 

rr 

pi 

rr 

P' 

I-* 

I-* 

I-* 

3* 

0 

0 

0) 

0 

M 

M 

P) 

p) 

H- 

01 

0 

rr 

Cr 

0 

H* 

0> 

» 

(B 

*0 

H* 

to 

(B 

(B 

3 

B) 

0 

M 

y 

(D 

PI 

►3 

►3 

►3 

H 

►3 

0 

•3 

•3 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

H 

H 

•3 

►3 

►3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

H 

►3 

*3 

►3 

•3 

H 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

►3 

►3 

►3 

•3 

H 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

•-3 

►3 

►3 

►3 

►3 

►3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

>- 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

^3 

►3 

*3 

0 

►3 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

a 

S 

> 

ac 

0 

0 

N 

0 

W 

*0 

0 

♦t) 

0 

X 

W 

X 

*TJ 

H> 

CD 

3 

pl 

(B 

0 

pl 

pl 

0 

0 

(D 

d 

PI 

(B 

d- 

(D 

0 

ft 

(0 

ft 

C 

3 

rr 

rr 

PI 

a 

PI 

Pl 

H 

‘< 

H 

K 

tr 

0 

n 

0 

t) 

cr 

PI 

.5' 

d 

0 

ft 

d 

H- 

pl 

H* 

•-* 

pl 

B 

n 

0 

ft 

0 

M 

PI 

H- 

H* 

C 

H* 

rr 

0 

*< 

d 

ft 

PI 

H* 

N 

pl 

»-* 

ft 

pl 

d* 

« 

0 

« 

•d 

< 

•d 

Pl 

•0 

d 

Oi 

pr 

»-• 

PI 

d* 

d 

0 

0 

d 

pl 

0 

rr 

0 

(B 

•d 

0 

cr 

0 

0 

n 

pl 

<Q 

H* 

0 

Pl 

0 

H* 

ft 

•d 

PI 

rr 

d 

ft 

d*  *d 

ft 

3 

M* 

d 

0 

rr 

1— 

•d 

< 

d 

ft 

a 

d* 

d 

d*  (Q 

K 

H* 

pl 

m 

H- 

pi 

P> 

pi 

pi 

pl 

Sr 

pl 

ft 

pl 

ft 

H- 

M 

(B 

pl 

rr 

d 

K" 

0 

H- 

ft 

H- 

M 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

>, 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

rr  (B 


(D  O  (t»  > 


H  t5  H*  fl)  tr  g 

O  rr  a  3  O  O 

D  cr  H-  O  >0  3 

(D  O  M  3  M  H- 

t-J  <Q  H*  a>  <B  0) 

I-*  O  (0  I-*  c  o 


o  o  o  o  o 

H  ^  ^ 

>  >  >  >  > 


o  o  o  o 
>  >  >  > 
n  n  n  n 

S  S  S  S 

•-3  *-3  »g 

o  o  o  o 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

000 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

000 

0 

e 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

H 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

£ 

> 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o  o  o 


o  o  o  o 

,  >  >  >  > 

o  n  o  o  o 

-  >  >  >  > 

H  H  H 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(;^ 

Q 

(D 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

h 

0 

> 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

Q  Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0 

>>>>>>>> 


>>>>>>>> 


o  o  a  000  o  o  0000(1^000 
0000(^000^^0 - *  “  “  “ 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(.) 

0 

(.) 

0 

0 

0 

0 

0 

0 

(i 

0 

f'i 

0 

(■■> 

0 

0 

f) 

0 

f> 

fl 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

f.> 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

f^ 

f^ 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5? 

0 

0 

Q 

0 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

Q 

0 

0 

0 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o  o 
»  H 

o  o 
>  > 
o  o 

o  o 
o  > 
o  o 
o  o 
o  o 
>  > 
o  o 
o  o 

o  o 
►a 
o  o 
>  > 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

3 

3 

3 

> 

> 

> 

> 

3 

3 

3 

3 

H 

3 

3 

> 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

> 

P 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

> 

0 

0 

0 

0 

P 

0 

0 

0 

P 

0 

0 

P 

0 

0 

0 

0 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

P 

0 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

88 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

►a 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

h3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

3 

0 

3 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

> 

3 

3 

3 

> 

3 

0 

> 

3 

3 

3 

3 

3 

0 

> 

0 

0 

> 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

0 

0 

0 

0 

> 

> 

> 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

P 

0 

0 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P 

0 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

P  P 

0 

P 

0 

0 

0 

P 

0 

0 

0 

0 

0 

0 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

186 


w  s: 

h  H  (0  3 

H-  H-  t-3  H*  ro 

O  *0  (0  w  o»  3 

tr  (D  rr  o  ro  <Q  H" 

o  a  H*  !<  (0  H-  o 

•0  0»  »--  6  H  3  *0 

3"  O  O  W 

pj  H-  0»  0>  (0  *0  H- 


C»9»**JW>0>  D 

w  3C3'm'33h-3*t3H'W  H 

h(O50&CrH-OH-rr^(rrp)WfT  c 

H'(D(0(OP)NWP»H*t^H-H'OOnjCr 
0)33MMO3O'aH-tJ‘<O30»P- 
q,p.(_ifT'0  su  rrpj'd  0)  rrM*a  <*C 
(©^(-'^^(^►iH-rTjiirr3'03‘0  O 
CO  MMOi  p  H-wOrrS'O  3  h-D  n 
3topp<03(nC3p]3'(0PPPPP 


W  S  >  S  t3  O  ^5 

p  ro  o  P  P  o  o 

Harr  rrpMonp 
P3'^*)H<30rr‘<3 
H-KCH-rroKBrr. 
pnd  3  arTMt-^p  3*3 
h<P«3h*OPP“ 

-  '  *0  <  3 


P  3*  P 


rr  p  IT  H' 


OMnjorooawrsro 

P3P(D3'a)0{Tl  n 
r^phthtkjhinH-cro 

p-MpH-MpSOOfT 

0)H'Np»-'rrP3‘€o 
^OO3POrrOP'0 
rr*0P  rr3rr!3‘*rl  h  rr 
&  3*  «  3  3*  « 

*-•  p  p  rr  C  V- 


p.  rr  p.  1-1  p.  o 


03  >  r 

P  O  P  > 

H-  P  *0  3  -  .. 

M3  H-  p  3"  3 

o  ft  cb  g  o  o 

3  3*  H-  o  13  3 

P  O  M  3  M  H' 

M  <Q  H'  P  P  p 


»-•  C  O 


nnnonnnnonnononnnnnannonnnnnooooono 

>5^00q5^0^5^5»>>5>^5^^D>5>^D>5^>5^^5^^5>>^5^5>>5>5^S> 

OH3oonooooooooooo<^oooooonooooonooooo 

O00O(3(r)(7)0Hac300Q0Q(D{r3C}(j3000(43O(7)(DO0(D(D(D0O(r)0 

00(^Q(i300QOOO(D(i^(i3(43(3(nOO(^(^C30(<3(^(r)(DOOOOOOOQ 

(3O(7}>O(3On(;3O(3(3<;^(^OO00(DO0O(^Q(^O<DO(DC3(7)OO(3O 


00000(^000(^000 

0(D(73(D(i^^^^^^0C^(r) 

lllllllllllS' 

ooooooooooooo 

H3H3i-3i-3igfaH3raH3i-3i^*g»^ 

>>>>>>>>>>>>> 

ooooooooooooo 

(D(7)(j)(7)(i)(7)(^O(<^(0(i3O(r3 

(r3(D(^(^(r3(^(D(r)(r)(i^oo(D 

0(3(^0(300000000 


o  o 

O  O 
>  h3 
h3 

I  >9 
O  O 
►9  h9 
O  O 

o  o 
( 


h3 

O 

H 

h9 


O  O  O 

*9  h3 

O  O 

h9  *-3  - 

h3  ^  (  O 

I  >  O  >  I 

I  O  O  O  I 

O  I  I  > 

M  O 


O  O 
•9  *9 
*9  h3 
•9  «9 
O  r9 
I  O 
'  I  t 


( 


>  > 
o  o 

•9  *9 


o  o  o 

O  h3 

O 


•9  ^ 
H  > 
O  O 


O  O 
>  > 
O  O 
r9  ^ 


..  O  - 

h9  h3  H  . 
>9  h3  H  *9 
h3  19  H  H 
h3  ra  H  H 
O  O  O  O 
O  O  O  O 

I 


o  o  o  o  o 

♦9  H  >9  *9  r9 

-  -  ►a  h9  H 

h3  h3  H 


O  O  O 

h3  *9  H 

ra  *9 
H3  ra 
ja  ja 

o  o 


oooooooo 

•9HaHH3H3>9H3H3 


2^^ 
o  o  o 

►a  *9  i9 


h3  ra 
h3  h3 
*9  h3 
•a  h9 
•a  ra 
o  o 

>  > 

o  o 

H  *9 


oooooooo 

HH*9H3»a»9^|9 

I9  3 

H  h3 
O  > 
O  O 


O  *9  h3 

H  »9  >9 

h3  »9  h3 

000 

h3  h3 


t 


►a  h3 
h3  >9 
•9  h3 

o  o 


I 


*9  h9  *9  h3  H  ^9 


O  O 
•9  *9 
O  H 
h3  H 
►a  r9 
O  H 
1  h3 
I  O 
O  *9 

O  O 
•9  >9 


00000 

•9  h3  ^a  ►a  h3 

•9  19  *9  H  na 

►9  *9  na  h3  ^a 

na  *9  *9  ^9  r9 

h3  O  O  O  o 

•9  «  r9  *9  h3 

O  I  i  I  I 

00000 

•9  h3  ra  H  na 

t  I  I  I  I 

o  o 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

H 

> 

ra 

♦a 

►9 

•9 

h3 

11 

h3 

na 

►9 

►a 

•9 

h3 

h3 

H 

•9 

*9 

•9 

•9 

3 

h3 

•9 

h3 

•9 

*9 

H 

*9 

►9 

h3 

•9 

h3 

*9 

*9 

H 

»a 

►a 

►9 

hB 

h3 

hB 

h3 

r9 

:i 

*9 

0 

I 

•9 

0 

*9 

•9 

0 

h3 

•9 

h3 

r9 

h3 

•9 

h3 

•9 

H 

•9 

na 

*9 

h3 

*9 

h3 

h3 

•9 

H 

►9 

•9 

ra 

*9 

•9 

r9 

h3 

h3 

•9 

►a 

h3 

•9 

•9 

*9 

I 

1 

« 

0 

I 

0 

0 

0 

(3 

0 

0 

0 

(3 

(3 

(3 

(3 

0 

(3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

( 

►9 

0 

•9 

h3 

h3 

h3 

h3 

•a 

•9 

h3 

h3 

•9 

*9 

•9 

h3 

h3 

h3 

H 

►a 

>9 

Ha 

H 

>9 

►9 

•9 

h3 

h3 

hB 

•9 

►9 

h3 

h3 

h3 

►9 

h3 

h3 

»9 

h3 

►9 

*9 

1 

•9 

0 

• 

0 

0 

0 

0 

1 

( 

1 

1 

1 

« 

1 

i 

1 

1 

t 

! 

1 

( 

I 

t 

1 

1 

1 

1 

( 

1 

1 

1 

1 

1 

( 

1 

( 

t 

1 

i 

1 

i 

1 

1 

1 

na  I  o  o  o  o  o  (  j  I 


(  I  t  I  I  I  I 


_  .  .  .  .  _H3HaH3^a►9raH►9H3H^^9^9H3^a•9H3•9H^^a•9•9H3H3►9HaHaH^^aH^^a►9►9•9•9•9►9•9H^^a*9H•9 
OHa»aH3OOOH3»9*9H3*a'9'9HaH3haHaH3HaHaH'9H3HH3taH3ra*9*9*9i9*9H30*9*9H3ta*9*9*9i9H3raH3'9 
00000000000000000000000000000000000000000(3000000 

o  0000000  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  oooooooo  o  o  000000 

r9H3rai9H3ia»a'9'9'9t9H3ra*9*9t9‘9r9*9*9*9‘9HH9H3rar9HaHaH3har9*9H3;ata!959J9!9l9!9J9J9J9J9l9Ha 

oooooooo  o  o  000  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  00000  o  o  o  oooooooo 

000000000  o  o  o  o  o  oooooooo  o  o  o  o  o  000000000  o  o  o  o  oooooooo 

H3'9H3>*9*9H3H3raH3>ra«9ra'9'9*9H3Ha*aH3i-3HataH3taH3raH3taH3Hia*9raH3HataH3iataH3ta*9*9H3iaH3 


►a  *9  h3 


5* 


0000000(30000000000000000000000(30000(30(30(30000., . 


i9'9ra*9^H3H3>araH3iaH3raH3taraHaH3HaK3ta'9*9'9'9'9H3raH3raH3raHH3iaHa^9H3ra'9Hr9HaraH3'9r9*9 


h3 

•9 

0 

0 

> 

•9 

> 

*9 

1 

►a 

( 

h3 

ra 

r9 

h3 

h3 

•9 

•9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

<3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

h3 

0 

*9 

0 

0 

0 

0 

0 

0 

0 

0 

•9 

►9 

0 

0 

0 

h3 

0 

0 

*9 

0 

h3 

h3 

h3 

•9 

►9 

na 

*9 

•9 

►9 

•9 

h3 

*9 

•9 

h3 

ra 

h3 

0 

H 

0 

•9 

na 

>9 

h3 

•9 

*9 

h3 

►a 

r9 

*9 

na 

•9 

h3 

h3 

h3 

na 

►a 

*9 

♦a 

•9 

•9 

h3 

na 

h3 

►a 

►ai9raHaHa*9*9H3ia»9HH3 


I 


I  I 


•9  *9 

00000000000000000000 

0(30(30(3(3(3(3(30(3000(3(3(3(3(3 

>>>>>>>>>>>>>>>>>>>> 

00000000000000000000 

oOoOOOOOOOOOOOOOOOOO 


(3  O  (3  o  o  o  n 

(3  o  >9  h3  n  n  (3 

h3  i9  O  (3  h3  H  na 

•9  >9  19  r9  na  ra  *9 

r9  h3  »a  *9  *9  *9  *9 

I 


I  t  I  I 


I 


o  o 

H3  h3 

•9  H 
•9  H 


►a 

0 

*9 

ra 

0 

•9 

►a 

►9 

ra 

h3 

0 

»9 

ra 

•9 

0 

r9 

•9 

•9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•9 

•9 

H 

h3 

•9 

0 

0 

0 

>9 

h3 

0 

•9 

►a 

0 

•9 

h3 

h3 

*9 

0 

0 

0 

0 

0 

h3 

h3 

►a 

*9 

•9 

•9 

r9 

►a 

> 

h3 

►9 

H 

*9 

*9 

•i 

h3 

H 

►9 

•9 

•9 

h3 

•9 

•9 

•9 

•9 

•9 

►a 

•9 

►9 

h3 

h3 

ra 

•9 

•9 

►a 

H 

•9 

•9 

•9 

(3000(300000000(30 

000000000000000 

>>>>>>>>>>>>>>> 

ooooooooooooooo 

ooooooooooooooO 

>>>>>>>>>>>>>>> 


R  g  g  g  ?  ?  j:  j;  ?  g  g  g 

ooooooooooooo 
o  o  o  000000  o  o  o  o 
>>>>>>>>>>>>> 
ooooooooooooo 
ooooooooooooo 
>>>>>>>>>>>>> 


n(3HH9»9>*9H3*aH3 

00(3(300(3(300 

>>00000000 

>  ^  >>>>>>>  > 
•9H9H3H3»aHa*9H3H3ra 
H3^a^9Ha»9^9HaHaiara . 

ooooooooooooooooo 
ooooooooooOoooooo 
>>>>>>>>>>------- 


•9H3ra»9H3vaH3^a>>00>r9*9*9 

0000000000000000 

00000000>>>>0000 

>>>o>>>>>>>>>>>> 

HaH3iaHH3ra*9H3Ha»9»9*9*9*9H3H3 

•9*9HHr^'9'9H3raHr9HH'9*9H3 


ij  i;  (j  [j  (j  (j  (j  ij  (j  ij  tj  ij  (j  (j  (j  (j  (j  (j  ij  ij 

Oh3>P5-;>0>0>>h300000000000 

>>>>5*>>>>>>>>>>>>>>>>> 

•9‘9H3ra*9>r9H3H«9'9H3Hr9H3h3H3«aHaH3r9i9 
HHH'9t9HaHara>9HaHaH3ra*9H3r9H3H3HH3H3H9 

o  o  O  o  o  o  o  000000  o  0000  o  o  o  o 

0000000000000000000000 

>>>>>>>>>>>>>>>>>>>>>> . . . ,  .  . 

000  o  0000000  o  o  o  0000000  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  00000 

oooOooooooooo  o  o  o  o  000  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  ^  o  o  o  o  o  o  o  o 

o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  >  oooooooooo  o  000  O  OOOOOOOOOOO 


O  O  (3  O  O 


O00So0800000000(30O000(30(30O(30(30(3O(3(30O000(3O..  ..  ..  . . - 

^araH3H3HHaH9HHaH3HaHH3H3»aHaHaf3HH3HHH9*9H3Hr9r6H3H 
00(300000000000(300(3(30(3(3(3(3000000 
Hr9H3»ar9Hat9t9H«9r9*9H3iar9'9HaH3HaH3raH3H3H3H3ra*9*9HaH3 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

►a 

hS 

•9 

h3 

h3 

h3 

H 

♦9 

H 

H 

•9 

na 

h3 

•9 

h3 

r9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

►9 

•9 

H 

h3 

h3 

•9 

•9 

h3 

►9 

ra 

•9 

h3 

na 

ra 

►a 

*9 

►9 

►9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

187 


H  cn  K 

M  ®  3 

H*  H-  »-3  M  (D 

f>  *0  at  CO  p)  3 

cr  0)  (T  n  tu  «Q  H- 

o  a  H-  ^  o  o 
•o  p  M  »d  “ 
w  M  M  tr  o  . 

p  M-  p  p  ffi  *0 


G^6?3'*JW>0>  D 
3  C  3*  H'  'O  5  H-  3  fO  K-*  .1 


3  *0 


cr  H-  o 

(V  ID  (D  P  N  (0 

3  3  M  05  O  “ 

a  H*  J-*  rr  *0 

II  M  c  li  W 

O  M  P  P 
to  p  p  (D  3 


H*  rr  h<  rr  p  w  rr 
P  p-  H-  ■  * 


1-3  p 

CHrr 

»0  cr  p  3*  'll 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

H 

H 

H 

H 

H 

►3 

H 

H 

H 

H 

H 

H 

H 

3 

3 

3 

3 

3 

3 

3 

0 

(.i 

0 

0 

0 

0 

C“) 

0 

0 

0 

05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

f5 

0 

0 

C'i 

n 

0 

0 

C'i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

f5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

n 

0 

n 

1 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6) 

0 

0 

0 

0 

0 

0 

(.) 

0 

0 

0 

0 

0 

0 

0 

r-) 

H 

C'i 

C'i 

r> 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

C'i 

C'i 

0 

0 

H 

0 

r) 

n 

0 

0 

0 

0 

n 

0 

0 

n 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

( 5 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

«■> 

0 

0 

0 

C'i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

1 

1 

1 

1 

1 

1 

1 

0 

0 

•3 

1 

1 

3 

3 

3 

3 

3 

1 

13 

13 

►3 

*3 

i3 

•3 

•3 

•3 

*3 

*3 

*3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

•3 

*3 

•3 

•3 

i3 

•3 

*3 

•3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

•3 

►3 

•3 

•3 

*3 

13 

*3 

H 

*3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

*3 

•3 

•3 

•3 

•3 

*3 

13 

*3 

•3 

*3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3  n'o  p-'dK:  03P  p-p-g  c 
*  rrp'O  prrm'0<'0  plD  3 
p-rrpfTpro  3*0  on  PG 
w<r3rr3‘03P*3n“  “* 
(DW3‘<DPPPPP 


O  O 
H  H 
O  O 
n  o 
o  o 
>  > 
o  Q 
o  o 
>  o 
o  o 
o  o 
o  o 
o  o 
n  o 
o  o 

O  Q 

I  t 
I  < 


s>acooNOw 
OOPPOOPO 
rrpMonPnP 
n3ort‘<3p-p- 
p-  rr  f)  k:  3 
CL  3*  P*  P*  P 
p-  o  P  P  n 


0 

rr 

p* 

c 

*6 

< 

3 

rr 

CL 

ET 

p 

tr 

p 

(T 

P 

rr 

p' 

P 

P 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

H 

H 

3 

H 

3 

3 

H 

H 

H 

H 

C'i 

0 

0 

Ci 

(.} 

0 

Ci 

0 

0 

C'i 

0 

0 

0 

0 

0 

a 

0 

0 

C'i 

0 

0 

C'i 

0 

0 

0 

0 

C'i 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

C) 

0 

r:> 

0 

0 

0 

fi 

> 

> 

> 

> 

> 

> 

> 

> 

> 

a 

0 

0 

C4i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C'i 

0 

0 

a 

0 

0 

C'i 

n 

0 

C'i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C'i 

0 

0 

0 

0 

C'i 

r) 

r5 

C'i 

C'i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

i 

1 

3 

\ 

3 

1 

3 

3 

1 

3 

1 

3 

1 

3 

1 

3 

1 

3 

l 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n  n3  n 

p  3*  a> 

n»  n  »)  n  n  *<  n 

3  P*  M  p  P-  pi  p 

(TPPNPPrr 
3*  3  O  O  3  P  O 

rr  10  P  rr  3  rr 
-  -  3  3*  <Q  n 

rr  C  P-  O 


ffitoZiTJW>tr'  >  > 
oa|  nronp>'3D 
n  p*tro  pp*o  3  rrro 
3  O  o  rrp3P*P3‘3 
P3*€00rTCL300 
rro<T>'0  33'P-0'a3 
3'*Onrr®o(n3P'P* 
p*p  w  PPIQ  H-O)  CO  P 
p.  rrp-ppo  w  p*C  O 


O  O 
1^  t-3 
a  <7) 
O  O 

n  o 
>  > 
o  o 
o  o 
>  > 
o  o 
o  o 
o  o 
CJ  o 
o  o 
o  o 

O  (D 

I  I 


ss 

(D  O 
o  n 
o  o 
>  > 
o  o 
o  o 

o  o 
a  n 
n  o 
o  Q 
o  o 
o  G 
Q  O 

I  I 
I  t 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

H 

H 

H 

H 

3 

H 

H 

H 

H 

3 

0 

0 

0 

03 

Ci 

0 

0 

0 

0 

0 

C'i 

0 

0 

0 

C'i 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ci 

0 

0 

0 

0 

0 

0 

Ci 

n 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

r") 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

C) 

0 

0 

Ci 

o 

0 

0 

0 

0 

0 

Ci 

Ci 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

» 

1 

a 

\ 

6) 

J 

0 

0 

1 

0 

0 

1 

f 

3 

1 

3 

1 

3 

1 

3 

1 

3 

I 

3 

3 

3 

1 

3 

3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

^  ^ 

^  >  > 


QQQQ0QQCQQQQQQQQQQ5?Q5?00QC?ooo0QQOOoo(DOOO>ooooooqo 
oooooooooooooonnnonooooooononooonnnooo~  “  “  “  *  *  ^  ^  ^  “ 
00(1^0  o  o  o  ootr^ooooooo  o  o  o  o  o  o  o 


(D  O 

_  _  _  _  O  O  .  _  _  _ 

0000000000 
000000000 

>>>>>>>>> 
,-000000000 

PJ»-3HH*^*^i9H3t^Ot-3 

OOOOOOOOOOO 

o  o  o  o  o  o  o  o  o 


O  O  O  O  I 

0000 

H  H  H 

0000 

0000 

•-3  t-a  >6  H 
>  >  >  > 
0000 

H  H  H 

H  H  ►€  H 

0000 


00000,- 

000000 

I  k3  ^3  H  13  H  hB 

000000 

000000 

I  13  13  H  »3  H  >-3 

>>>>>> 
000000 

►3  *3  13  *3  *3  *3 

•3  *3  H  *3  *3  *3 

o  o  o  o  o  o 


0 

0 

0 

0 

0 

0 

0 

f“) 

n 

0 

0 

0 

3 

3 

3 

3 

H 

3 

0 

0 

o 

0 

0 

0 

0 

0 

Ci 

a 

Ci 

C5 

3 

3 

3 

3 

3 

> 

> 

> 

> 

> 

> 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

000 

-  -  o  o  o 

•3  *3  *3  <3  *3 

00000 
00000 

•3  *3  *3  »3  *3 

>  >  >  >  > 

00000 

•3  »3  13  »3  *3 

•3  H  *3  *3  *3 

o  o  o  o  o 


> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

S': 

> 

> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

H 

n 

3 

H 

H 

H 

H 

n 

n 

3 

H 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

H 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

H 

3 

H 

3 

Pt 

H 

P? 

H 

H 

Pt 

H 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

o 

n 

n 

0 

0 

0 

0 

O 

0 

0 

n 

n 

n 

0 

(.> 

0 

0 

a 

0 

C.i 

Ci 

0 

0 

0 

0 

0 

0 

0 

f.l 

Ci 

0 

0 

Ci 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

<r> 

0 

0 

0 

0 

0 

0 

0 

0 

(.) 

0 

0 

Ci 

0 

Ci 

0 

0 

0 

0 

0 

0 

(.) 

0 

0 

0 

0 

Ci 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

3 

0 

0 

0 

0 

0 

Ci 

Ci 

0 

0 

6> 

0 

0 

C) 

0 

Ci 

0 

Ci 

0 

0 

0 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

S' 

3 

Ci 

0 

S' 

0 

S' 

1 

> 

t 

3 

> 

> 

> 

> 

> 

> 

> 

0 

> 

a 

> 

0 

0 

> 

> 

> 

> 

0 

> 

> 

> 

> 

> 

3 

> 

> 

> 

> 

> 

0 

0 

0 

> 

> 

0 

0 

3 

3 

1 

0 

0 

3 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

3 

3 

1 

3 

3 

3 

0 

I 

3 

3 

0 

0 

0 

n 

I 

n 

0 

Ci 

0 

0 

t 

i 

Ci 

1 

o 

t 

n 

1 

0 

0 

I 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

> 

0 

Ci 

0 

0 

Ci 

a 

Ci 

Ci 

0 

Ci 

0 

0 

Ci 

0 

Q 

0 

0 

Ci 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0  0 

0 

0 

Q 

0 

0 

0 

S' 

> 

0 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

0 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

> 

> 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

3 

> 

0 

0 

0 

0 

H 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

> 

3 

0 

0 

0 

3 

0 

> 

> 

> 

0 

3 

> 

3 

0 

0 

> 

0 

0 

0 

> 

> 

0 

3 

> 

0 

0 

3 

0 

0 

0 

> 

0 

0 

0 

0 

0 

0 

0 

> 

3 

3 

0 

3 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

> 

> 

> 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

t 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

0 

> 

> 

0 

> 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 

> 

0 

0 

0 

3 

0 

0 

0 

3 

3 

0 

3 

> 

0 

0 

0 

0 

3 

3 

> 

> 

3 

0 

0 

0 

0 

0 

0 

3 

3 

0 

3 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

j 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

3 

0 

0 

3 

0 

0 

0 

0 

0 

0 

5? 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

s 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0  0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

H 

3 

3 

3 

3 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

188 


►3 

CA 

5 

G 

>3 

» 

n 

W 

& 

O 

> 

O 

W 

S 

> 

X  D 

G 

cs 

G 

W 

►0  G  t)  G  a 

CO  Z  »CJ 

to 

> 

ffi  >  & 

h 

CD 

3 

w 

3 

C 

5*  M  >0 

3 

p* 

3 

p- 

CO 

3 

3 

(P 

O 

Pi  Pi 

O 

0 

(P 

3 

oi  <p  sr  CP  o 

ft  1  p 

CP 

H* 

H-  H 

w 

CD 

^c 

O 

& 

or 

p.  o 

p* 

rr 

rr 

3 

(0 

CT 

C 

3 

rr 

rr 

P» 

P-  O 

P 

pi 

P 

pi 

p  p  p;  P  p 

p-  cr  0 

P* 

pi 

»C3  a  rr 

(P 

O 

•a  (0 

p) 

3 

p' 

CP 

CP 

CP 

01 

N  CO 

0) 

p- 

P 

p* 

P* 

n 

O 

ic? 

0* 

3 

ST 

•’I 

P 

3 

o  n 

•< 

3 

p- 

P* 

0)  p-  p*  0)  g 

0  O  rr 

p* 

a 

H'  CP  tr  g 

CJ* 

(D  (T 

O 

tX)  <Q 

H* 

p) 

3 

3 

P- 

CO 

o  g 

O 

P- 

*0 

‘< 

0 

5 

3 

P- 

p- 

C 

p* 

rr 

D  p; 

S 

rr 

Oi 

P- 

N  pi  P-  rr  pi 

a*  €  0 

0 

rr 

ago 

0 

O 

Qj  H- 

S 

CD 

H- 

O 

a 

p- 

P- 

rr  pi 

rr 

Pi 

■d 

pi 

rr 

CO 

•0 

< 

•0 

3 

•0 

3 

a 

Vr 

p*  p* 

pi 

D* 

3 

0 

O  a  0)  O  rr 

O  (P  *0 

a 

a* 

p-  O  *0 

a 

*0 

JSJ  i-j 

•0 

3 

♦0 

CD 

C 

CO 

p* 

rr 

pi 

rr 

3* 

o 

cr 

O 

o 

P 

3 

<Q 

p* 

0 

pi  pi 

O 

p* 

rr  'C 

pirtarra'WPrr 

(P 

O 

to  a  p* 

p- 

j-j 

tr 

O 

o 

(0 

o 

I-* 

P- 

Pi 

tt  p- 

(0 

G 

rr 

3* 

O 

g 

p* 

D 

n 

O 

ft 

P- 

•0 

<  3 

rr 

D* 

CO 

a  a*  Q  P  p” 

PI  to  P- 

f-j  IQ 

P*  CP  CP 

pi 

H-  PJ 

p) 

CD 

*0 

H- 

to 

pi 

pi 

(P 

3  CO 

CD 

W 

3* 

CP 

3 

3 

3 

3 

3 

3 

tr 

Pl 

rr 

pi  rr 

p- 

P* 

CP 

PI 

rrcp-op- 

rr  p-  M 

o 

CO  p*  a 

G 

n 

H  n 

o 

O 

o 

O 

> 

> 

> 

*3 

D 

3 

O 

O 

G 

G 

G 

G 

3 

> 

> 

G 

3 

G 

> 

G  G 

G 

G 

G 

3 

G  O  3  3  G 

G  >  > 

> 

> 

>  G  G 

G 

o 

o  o 

o 

O 

o 

CD 

Q 

> 

O 

CD 

CD 

CD 

D 

O 

G 

G 

G 

> 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

> 

G 

G 

>  G  G  G  G 

G  G  G 

G 

G 

G  G  G 

G 

o 

o  o 

o 

►3 

o 

•3 

l 

O 

O 

o 

D 

O 

O 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

O  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

o 

o  n 

n 

O 

o 

CD 

O 

O 

O 

O 

O 

o 

D 

CD 

O 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

►9 

O  CD 

»3 

O 

CD 

O 

o 

O 

o 

CD 

Q 

Q 

D 

O 

G 

G 

G 

G 

O 

G 

G 

G 

0 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

GOG 

G 

0 

G  G  G 

G 

O  O 

CD 

•3 

O 

•3 

CD 

CD 

CD 

O 

O 

CD 

D 

O 

O 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

>  G 

G 

G 

G 

G 

GGGGG 

GOG 

G 

G 

G  G  G 

G 

H 

►3 

o 

•3 

O 

4 

I 

CD 

*3 

gglgg 

t  1 

ggggg 

i 

1 

G 

> 

1  t  1  I  1  1  c 

ggggggg 

gggg 

G 

3 

3 

ggggggggggggggg 

o 

0 

O 

CD 

CD 

CD 

CD 

CD 

CD 

0 

CD  CD 

(D 

G 

G 

G 

G 

G 

O 

G 

G 

G 

G 

O 

G 

G  G 

G 

G 

G 

G 

A  A  C}  O  O  1  J  1 

o  > 

CD 

O 

CD 

CD 

CD 

CD 

CD 

(D 

O 

CD  CD 

CD 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

O 

O 

G 

G  G 

G 

G 

> 

G 

GGGGG 

G  G  cD 

G 

G 

G  1  G 

G 

►3 

►3  CD 

CD 

> 

O 

> 

H 

O 

H 

•3 

*3  O 

H 

3 

3 

3 

3 

G 

3 

3 

3 

3 

3 

G 

3 

3  3 

3 

3 

3 

3 

3  G  3  3  G 

3  3  3 

3 

3 

3  1  3 

3 

O 

>  H 

►3 

►3 

O 

•3 

> 

> 

CD 

•3 

> 

D 

> 

G 

G 

G 

O 

O 

G 

> 

> 

> 

G 

> 

O 

> 

G  O 

G 

G 

> 

> 

G  G  >  >  G 

O  >  > 

> 

> 

>  G  G 

G 

> 

*3  1 

CD 

O 

►3 

O 

H 

*3 

•3 

^3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

0 

3 

3  3  3  G  3 

3  3  3 

3 

3 

3  3  3 

3 

O 

CD  1 

*3 

O 

CD 

O 

O 

CD 

O 

CD 

0 

G  CD 

(D 

G 

G 

G 

G 

G 

O 

G 

O 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

G  3  O  G  O 

G  G  O 

G 

G 

G  G  G 

G 

►6 

►3  t 

CD 

•3 

►3 

H 

O 

►3 

H 

•3 

3 

3 

O 

3 

G 

1 

G 

3 

3 

3 

3 

G 

3 

3 

G 

3  3 

3 

1 

> 

3 

3  G  3  3  3 

►a  H  3 

G 

3 

3  3  3 

3 

1 

J 

t 

1 

^3  t 

1  1 

1  1 

1  t 

O 

1 

t 

j 

O 

H 

t 

1 

►3 

1 

1 

i 

O 

t 

1 

O 

1 

1 

O 

1 

1 

> 

CD 

1 

1 

I 

►3 

( 

•3 

i 

1 

•3  O 

1  1 

1  1 

1  1 

3 

c 

1 

1 

3 

1 

1 

i 

O 

c 

1 

1 

3 

i 

1 

( 

1 

1 

1 

1 

3 

1 

1 

t 

3 

1 

c 

3 

1 

1 

1 

G 

1 

1 

1 

G 

1 

1 

1 

3 

c 

1 

1 

3 

1 

t 

1 

3 

1 

1 

1 

> 

1 

1 

1 

G  3 

i  1 

1  1 

1  i 

3 

3 

c 

1 

c 

1 

i 

1 

G 

G 

g 

G 

1 

t 

I 

G  >  3  G  3 

1  1  1  i  1 

i  1  1  1  1 

1  1  1  1  ( 

G  G  3 

1  1  1 

1  1  i 

1  1  1 

G 

1 

1 

G 

1 

\ 

1 

G  3  G 

1  t  I 

1  1  1 

i  1  I 

G 

1 

c 

1 

t 

1 

1 

> 

> 

1  I 

1  1 

1  1 

1  1 
>  > 

1 

1 

I 

j 

5: 

1 

i 

1 

j 

> 

j 

j 

1 

1 

> 

1 

1 

1 

t 

£ 

1 

i 

1 

1 

> 

1 

J 

t 

1 

> 

I 

i 

J 

i 

> 

! 

> 

> 

i 

t 

i 

1 

> 

O' 

1 

1 

1 

1 

> 

I 

I 

1 

1 

> 

1 

\ 

1 

1 

> 

1 

1 

c 

1 

> 

1 

1 

1 

1 

> 

c 

c 

1 

1 

> 

J 

c 

c 

G 

> 

1 

1 

1 

1 

> 

1 

1 

c 

1 

> 

I 

c 

1 

1 

> 

1 

1 

c 

1 

> 

1 

t 

1 

1 

> 

1 

1 

I 

1 

> 

1 

t 

1 

t 

> 

1  > 

1  1 

1  1 

1  t 
>  > 

1 

> 

c 

1 

1 

1 

> 

§ 

G 

J 

( 

t 

> 

1  1  1  1  1 

1  t  1  1  1 

1  1  1  1  c 

ICICI 
>  >  >  >  > 

1  1  c 

1  1  t 

1  1  1 

C  1  I 

>  >  > 

1 

1 

1 

> 

1 

1 

1 

1 

> 

1  1  1 

1  1  1 

1  1  1 

1  1  1 
>  >  > 

c 

1 

1 

1 

> 

O 

O  O 

o 

O 

n 

O 

O 

O 

n 

n 

O 

O  (D 

n 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

a 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

H 

•3  *3 

•3 

►3 

►3 

•3 

•3 

•3 

►3 

H 

►3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

Q 

O  O 

O 

CD 

CD 

CD 

CD 

CD 

CD 

c 

O 

CD  G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

o 

0 

G 

G 

G 

G 

G  G  G  G  G 

G  G  G 

G 

G 

G  CD  CD 

G 

O 

»3  CD 

•3 

> 

> 

O 

CD 

CD 

o 

O 

CD 

O 

> 

CD 

G 

G 

G 

G 

G 

G 

G 

3 

3 

G 

G 

> 

G 

0 

G 

> 

G 

G 

>  G  G  G  > 

G  G  G 

3 

3 

G  >  G 

G 

n  *3 

CD 

*3 

n 

►3 

O 

O 

O 

CD 

O 

D 

o 

O 

G 

G 

3 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

h3 

O  O 

O 

O 

•3 

O 

O 

•3 

O 

o 

O 

O 

D 

o 

G 

G 

G 

G 

G 

G 

G 

0 

G 

G 

G 

G 

G 

G  G 

G 

> 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

Q 

>  CD 

►3 

CD 

o 

CD 

O 

0 

CD 

o 

CD 

CD  O 

0 

G 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

3 

G  G 

G 

G 

G 

G 

>  G  G  G  G 

O  CD  G 

> 

> 

CD  G  G 

G 

O  CD 

O 

O 

o 

O 

CD 

CD 

O 

o 

> 

> 

> 

> 

G 

G 

G 

G 

G 

3 

> 

G 

G 

G 

> 

G 

G 

G  G 

> 

> 

G 

> 

G  G  >  >  > 

G  G  G 

G 

G 

G  G  G 

G 

►3  (D 

t3 

*3 

►3 

>3 

CD 

CD 

O 

CD 

CD 

G  a 

o 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

G  3  G  G  G 

G  >  G 

G 

G 

G  G  G 

G 

h9 

O  O 

•3 

O 

•3 

O 

0 

•3 

O 

o 

O 

O  O 

o 

O 

G 

G 

G 

G 

3 

G 

3 

3 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  3  G 

3 

3 

G  G  G 

G 

1-3 

»3  1 

O 

»3 

o 

t3 

O 

CD 

•3 

H 

o 

►3 

•3 

3 

3 

3 

3 

H 

3 

CD 

3 

3 

3 

3 

3 

3 

G 

G  G 

3 

3 

G 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  G 

G 

O 

(D  CD 

•3 

O 

CD 

O 

Q 

O 

CD 

CD  CD 

o 

G 

0 

0 

G 

G 

0 

G 

G 

G 

G 

G 

G 

3 

G  G 

G 

G 

G 

G 

G  >  G  G  G 

G  G  G 

G 

G 

G  G  G 

G 

•-3 

H  O 

CD 

►3 

O 

*3 

►3 

►3 

> 

H 

►3 

3 

3 

3 

3 

3 

G 

3 

G 

3 

G 

G 

3 

3 

3 

3 

G  G 

3 

3 

3 

3 

3  G  3  3  3 

3  3  3 

G 

G 

3  3  G 

G 

1 

1  H 

»3 

►3 

*3 

O 

O 

O 

CD 

H 

H 

3 

3 

3 

3 

3 

3 

3 

G 

3 

G 

G 

3 

3 

3 

G 

3  3 

3 

3 

G 

3 

3  G  3  3  3 

3  3  3 

G 

G 

3  3  3 

3 

•-3 

O  O 

O 

o 

O 

O 

CD 

CD 

CD 

n 

O  O 

O 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

O 

O  H 

O 

►3 

►3 

►3 

»3 

•3 

O 

•3 

♦3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  G  3 

3 

3 

3  3  3 

3 

*-3  H 

►3 

►3 

H 

♦3 

♦3 

»3 

►3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

►3 

►3  O 

»3 

O 

o 

O 

O 

CD 

O 

> 

O 

O  O 

O 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

3 

G  G 

G 

G 

G 

G 

G  3  G  G  G 

>  G  G 

G 

G 

G  G  G 

G 

O 

O  O 

O 

»3 

►3 

►3 

•3 

•3 

h3 

O 

CD 

3 

O 

3 

3 

3 

3 

G 

3 

G 

G 

3 

3 

G 

3 

G 

3  3 

3 

3 

3 

G 

3  G  G  G  3 

3  3  3 

3 

3 

3  3  G 

3 

H 

*■3  ^3 

►3 

*3 

♦3 

•3 

H 

•3 

H 

*3 

3 

O 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

G 

►3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

♦-3 

•3  O 

•3 

O 

O 

O 

n 

O 

O 

O 

o 

O 

D 

O 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

0 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

O 

O  H 

O 

O 

►3 

CD 

CD 

CD 

CD 

CD 

o 

CD 

8 

> 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  CD  G 

G 

H 

CD  O 

•3 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

GOG 

n 

O  CD 

O 

Q 

•3 

CD 

g 

^'CDOOOCDS'Sx^f-'^^ 

gggggggggggg 

1 

s 

> 

1 

G 

G 

> 

1 

G 

G 

> 

G 

G 

> 

III 

G 

G 

> 

1 1 

S 

> 

G 

G 

> 

llOlglllg 

G 

G 

> 

G 

G 

> 

gill 

O 

CD  CD 

CD 

CD 

CD 

0 

CD 

CD 

9 

0 

O 

D 

0 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

G  G  G  G  G 

G  G  G 

G 

G 

G  G  G 

G 

o 

O  CD 

CD 

> 

> 

5! 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

G  >  >  >  > 

>  >  > 

> 

> 

>  >  > 

> 

CD 

^  Q 

> 

O 

n 

O 

O 

n 

o 

CD 

n 

o 

D 

o 

O 

G 

G 

G 

G 

G 

a 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

non 

G 

n 

D  ^3 

• 

o 

»3 

O 

CD 

o 

*3 

H 

•3 

•3 

3 

o 

3 

3 

3 

3 

G 

h3 

3 

3 

3 

3 

3 

3 

3  3 

G 

3 

G 

3 

3  G  3  G  3 

3  3  3 

3 

3 

3  3  3 

G 

o 

H  O 

CD 

> 

CD 

Q 

O 

> 

O 

n 

CD 

G  CD 

o 

G 

G 

CD 

G 

CD 

CD 

G 

3 

3 

CD 

CD 

G 

G 

G  G 

G 

3 

G 

G 

G  G  G  G  G 

G  G  > 

3 

3 

G  G  G 

G 

o 

O  (D 

O 

o 

o 

CD 

n 

n 

O 

o 

•3 

H  O 

o 

O 

G 

G 

G 

3 

G 

G 

G 

G 

G 

3 

G 

G 

G  G 

3 

G 

G 

3 

G  3  3  G  G 

G  G  G 

G 

3 

G  G  G 

G 

>  > 

O 

(D 

> 

CD 

o 

O 

CD 

CD 

o 

O  CD 

CD 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

> 

G 

G  G 

G 

G 

G 

G 

G  G  G  G  > 

G  3  G 

G 

G 

G  >  G 

G 

o  o 

•3 

•3 

o 

*3 

*3 

•3 

O 

•3 

•3 

*3 

3 

3 

3 

3 

3 

3 

3 

3 

G 

G 

3 

3 

3 

G 

3  3 

3 

3 

3 

3 

3  G  3  3  3 

3  G  3 

G 

G 

G  3  3 

3 

> 

^ 

CD 

CD 

CD 

CD 

CD 

o 

0 

(D 

o 

CD  CD 

CD 

G 

G 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

O 

G 

O 

GGGGG 

G  G  G 

O 

G 

O  G  G 

G 

►3 

^3  CD 

«3 

►3 

►3 

*3 

•3 

•3 

•3 

•3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

O 

>  H 

CD 

CD 

CD 

(D 

CD 

CD 

CD 

CD 

G 

CD  CD 

Q 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

CD  G  CD 

G 

o 

H  H 

O 

O 

O 

O 

CD 

O 

O 

O 

n 

O  O 

n 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

O  O 

•3 

O 

O 

CD 

*3 

•3 

»3 

►3 

3 

3 

3 

3 

3 

3 

G 

3 

H 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

n 

O  *3 

n 

O 

O 

n 

CD 

CD 

O 

O 

o 

O  O 

O 

n 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

•-3 

►3  H 

•3 

•3 

O 

•3 

•3 

•3 

h3 

►3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

H 

H  O 

•3 

•3 

*3 

♦3 

►3 

H 

►3 

H 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

CD 

g 

O 

O 

gggg 

O 

> 

ggggggggg 

g 

gggggg 

S 

sgggggggggggsggg 

Sgg 

G 

> 

►6 

O  H 

•3 

O 

O 

CD 

CD 

•3 

O 

O 

o 

O 

n 

O 

o 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

3 

G  G 

G 

G 

G 

G 

G  3  G  G  G 

G  G  3 

G 

G 

3  G  G 

G 

►3 

•3  CD 

•3 

•3 

*3 

•3 

•3 

•3 

►3 

•3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

CD  >3 

O 

CD 

CD 

O 

CD 

CD 

CD 

O 

O 

CD 

n 

G 

G 

G 

G 

G 

O 

O 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

G  G  G 

G 

> 

0  £ 

J: 

O 

O 

O 

> 

> 

> 

> 

> 

> 

> 

> 

> 

£: 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

>  >  >  >  > 

>  >  > 

> 

> 

>  >  > 

> 

CD 

O  ^ 

CD 

CD 

CD 

O 

O 

CD 

O 

CD 

CD 

O 

ID 

ID 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGG  G 

GOG 

G 

G 

G  G  G 

G 

►3 

•3 

*3 

•3 

•3 

•3 

•3 

♦3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

O 

CD  CD 

CD 

CD 

O 

CD 

CD 

CD 

C 

O 

CD 

Q 

ID 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

GOG 

G 

H  CD 

»3 

CD 

O 

•3 

*3 

> 

•3 

►3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

G 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

o 

CD  *3 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

Q  G 

G 

G 

G 

G 

G 

G 

G 

0 

G 

G 

G 

G 

G 

G 

G  G 

88 

G 

G 

GGGGG 

G  G  G 

G 

0 

G  G  CD 

G 

^3 

►3  O 

O 

O 

*3 

CD 

O 

O 

O 

O 

CD 

a 

CD 

CD 

O 

G 

G 

G 

O 

G 

G 

G 

G 

G 

G 

3 

G 

G  G 

G 

G 

G  G  G  G  3 

G  G  G 

G 

G 

G  3  G 

G 

Q 

O  Q 

> 

O 

O 

CD 

►3 

> 

CD 

Q 

H 

*3 

CD 

O 

> 

G 

> 

G 

3 

G 

3 

G 

G 

> 

3 

G 

G 

G  G 

3 

G 

G 

3 

G  >  >  G  G 

>  G  G 

G 

G 

O  G  G 

G 

•3  > 

O 

•3 

|3 

3 

CD 

•3 

•3 

•3 

CD 

CD 

CD 

O 

G 

G 

3 

G 

G 

G 

3 

3 

G 

G 

3 

G 

G  3 

G 

3 

G 

G 

c  G  3  G  1 

G  G  3 

3 

3 

G  >  G 

G 

1  1 

> 

CD 

a 

1 

C 

•3 

t 

3 

c 

c 

c 

t 

c 

1 

G 

G 

1 

t 

> 

1  c 

CD 

G 

1 

1 

3  G  1  G  3 

1  1  1 

3 

3 

t  G  1 

1 

> 

>  > 

1 

CD 

CD 

►3 

1 

1 

j 

> 

1 

> 

> 

> 

> 

> 

> 

> 

> 

> 

G 

> 

1 

1 

> 

> 

> 

3 

>  > 

1 

G 

> 

>  1  >  i  > 

>  >  > 

>  >  > 

G 

O 

CD  O 

CD 

O 

CD 

CD 

CD 

CD 

(D 

CD 

(D 

CD 

(D 

CD 

G 

CD 

CD 

CD 

G 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

G  G 

CD 

G 

G 

G 

G  G  G  G  G 

CD  CD  CD 

CD 

0 

CD  CD  G 

G 

O 

O  > 

*3 

CD 

O 

O 

(D 

O 

C 

G 

CD 

CD 

CD 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

O 

G 

G 

G  G  G  G  G 

G  G  G 

G 

G 

G  G  3 

G 

> 

>  CD 

t 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

>  >  >  >  > 

>  >  > 

> 

> 

>  >  > 

> 

O 

n 

4 

►3 

4 

s 

»3 

♦3 

4 

►3 

n 

O 

3 

3 

4 

4 

4 

G 

3 

3 

3 

3 

3 

G 

3 

CD  CD 

3 

3 

3 

3 

3  3  3  3  G 

4  4  4 

3 

3 

3  G  G 

G 

►3 

4  H 

•3 

•3 

•3 

H 

•3 

*3 

•3 

O 

O 

3 

O 

3 

3 

3 

3 

G 

G 

G 

> 

> 

3 

G 

3 

3 

3  3 

G 

3 

3 

G 

3  G  G  G  3 

3  3  3 

> 

> 

3  3  3 

3 

H 

•3  CD 

o 

O 

*3 

n 

O 

*3 

•3 

•3 

•3 

►3 

3 

3 

3 

3 

3 

3 

3 

G 

3 

G 

G 

3 

3 

3 

G 

3  3 

3 

3 

G 

3 

3  G  3  G  3 

3  G  3 

G 

G 

G  3  3 

3 

O  CD 

CD 

CD 

CD 

o 

C 

(D 

O 

CD 

O 

CD 

o 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

O  G  G 

G 

G 

G  G  G 

G 

> 

CD  CD 

CD 

CD 

> 

n 

n 

CD 

O 

*3 

O 

n 

o 

CD 

3 

3 

3 

G 

G 

G 

G 

G 

3 

3 

G 

3 

G 

G  G 

G 

3 

G 

G 

G  3  G  G  G 

3  G  G 

G 

G 

G  G  G 

G 

O 

O  CD 

CD 

CD 

CD 

CD 

CD 

O 

(D 

CD 

CD 

O 

CD 

O 

G 

G 

O 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

O 

G 

G 

GGGGG 

G  G  cD 

O 

G 

GOG 

G 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

CD 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

G 

>  > 

> 

> 

> 

> 

>  >  >  >  > 

>  >  > 

> 

> 

>  i  > 

> 

O 

o  o 

o 

n 

O 

CD 

o 

O 

O 

n 

O 

O 

o 

O 

CD 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

non 

G 

►3 

o  o 

o 

CD 

CD 

CD 

O 

o 

ID 

o 

CD 

CD 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

GGGGG 

G  G  G 

G 

G 

GOG 

O 

►3  *3 

►3 

►3 

•3 

•3 

•3 

*3 

*3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

►3 

►3  *3 

♦3 

•3 

*3 

►3 

•3 

•3 

•3 

•3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  3 

3 

3 

3 

3 

3  3  3  3  3 

3  3  3 

3 

3 

3  3  3 

3 

189 


•-3 

•-3 

CO 

tJJ 

C 

►9 

2 

W 

> 

o 

S' 

D 

(0 

S 

> 

X 

D 

n 

to 

O 

W 

'll 

fl 

13 

O 

X  w 

Z 

rO 

td 

> 

r 

g  g 

n 

(D 

3 

:» 

C 

ST 

•0 

3 

H- 

3 

*T} 

H- 

CO 

•9 

P 

P 

O 

P 

P 

o 

o 

P 

3 

P 

P 

3* 

P 

0  rr 

1 

h 

P 

n 

P 

s 

H* 

H- 

►9 

Q 

n 

O 

& 

tr 

H- 

O 

H* 

rr 

rr 

P 

» 

rr 

C 

•9 

rr 

rr 

P 

»-■ 

O 

p 

p{ 

P 

Pt 

‘< 

pj 

PI  p- 

0* 

O 

P-> 

P 

♦a 

3 

fT  p 

O 

•0 

at 

Crt 

Ot 

3 

H' 

at 

a> 

0) 

pt 

N 

to 

P 

H* 

11 

p* 

M 

O 

O 

CT 

P 

3* 

3 

o 

rr 

•< 

3 

P* 

P- 

P 

P- 

pj 

P 

3  O 

o 

rr 

P-* 

3 

p. 

p 

3*  3 

P* 

(D 

rr 

n 

W 

IQ 

H* 

0) 

3 

3 

1-' 

to 

O 

3 

O 

•0 

P* 

•0 

0 

P 

H- 

H- 

C 

p- 

rr 

o 

3 

rr 

P 

p- 

N 

P 

P- 

rr 

P  3* 

o 

O 

rr 

a 

3 

O  O 

o 

a 

H* 

(D 

H* 

O 

a 

H* 

rp 

■0 

P 

ft 

p 

*0 

P 

rr 

to 

*0 

< 

•0 

P 

*0 

3 

a 

3* 

p- 

p-" 

P 

3" 

3 

O 

0 

3 

P 

O 

rr  o 

p 

*0 

3 

Cr 

p- 

o 

*0  3 

•0 

(V 

»-• 

•0 

n 

3 

•0 

at 

M 

c 

to 

fi 

H' 

rr 

P 

rr 

3* 

0 

3* 

o 

0 

n 

P 

IQ 

p* 

0 

p 

P 

n 

p* 

rr 

■ 

P 

rr 

3 

rr 

tr  ^ 

PI 

a 

P 

o 

u 

3 

P-.  p. 

1— 

H-* 

tr 

o 

O 

to 

0 

i-> 

P 

H- 

W 

Cl 

rr 

3* 

O 

3 

H- 

3 

n 

O 

rr 

H* 

•c 

< 

3 

rr 

a 

3* 

to  : 

3 

3“ 

IQ 

11 

p-  p 

u 

p* 

p* 

IQ 

p- 

P 

P  P 

p 

H* 

P 

0) 

V 

H- 

3 

to 

Pt 

pi 

at 

to 

O 

M 

3* 

<D 

P 

P 

P 

P 

p 

P 

3* 

P 

§ 

rr 

p 

rr 

p* 

9 

P 

P  ■ 

rr 

e 

P- 

O 

p-  rr 

p* 

p- 

p-* 

0 

to 

P-* 

C  0 

*9 

•9 

•9 

•9 

•9 

1:3 

•9 

:9 

p9 

p9 

*9 

•9 

*9 

►9 

•9 

*9 

r9 

►9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9  1 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  ; 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

>  > 

o 

o 

O 

O 

n 

O 

o 

o 

rj 

o 

o 

o 

o 

n 

O 

O 

O 

O 

O 

fl 

O 

O 

n 

O 

O 

n 

o 

O 

o 

O 

O 

n 

O 

O  1 

fl 

O 

O 

O 

O  fl 

O 

O 

0 

0 

0 

0 

0  0 

*-3 

►9 

♦9 

►9 

•9 

•9 

•9 

►9 

H 

•9 

•9 

H 

•9 

>9 

•9 

►9 

►9 

»9 

H 

►9 

•9 

•9 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9  1 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

o 

H 

•9 

*9 

H 

►9 

•9 

•9 

*9 

*9 

►9 

•9 

•9 

•9 

*9 

•9 

*9 

•9 

►9 

*9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9  1 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

H 

♦9 

•9 

H 

H 

►9 

*9 

•9 

•9 

•9 

H 

»9 

•9 

•9 

H 

*9 

•9 

►9 

•9 

•9 

•9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9  ( 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

O 

s 

O 

S 

O 

O 

H 

O 

§ 

O 

Z 

O 

S 

O 

1 

i 

O 

S 

O 

S 

O 

S 

O 

S 

O 

f 

Cl 

f 

§ 

f 

§ 

f 

Cl 

O 

S 

Cl 

§ 

Cl 

O 

§ 

Cl 

Cl 

9 

O 

O 

9 

O 

S 

Cl 

9 

Cl 

9 

Q 

9 

f 

9 

O  I 

9  1 

1 

9 

f 

9 

Cl 

9 

O 

9 

0  0 

9  9 

0 

9 

f 

9 

f 

0 

9 

n 

9 

0 

9 

0  0 

9  9 

►9 

•9 

1:9 

»9 

:::3 

»9 

•9 

►9 

G 

»9 

G 

1:3 

^9 

*9 

r9 

*9 

►9 

r9 

►9 

•9 

►9 

9 

9 

9 

9 

9 

9 

9 

9 

9  ' 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

> 

> 

> 

> 

E 

> 

> 

E 

> 

> 

> 

E 

> 

> 

E 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

>  > 

o 

O 

O 

O 

O 

o 

o 

O 

o 

O 

O 

O 

O 

o 

0 

Cl 

0 

O 

Cl 

O 

O 

Q 

o 

O 

Cl 

O 

O 

Cl 

Cl 

O 

O 

Cl 

O 

Cl  Cl 

O 

O 

O 

0  0 

0 

0 

0 

0 

0 

0  O 

> 

> 

> 

E 

> 

> 

> 

E 

E 

> 

> 

E 

E 

E 

E 

E 

E 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

S  > 

o 

Q 

O 

O 

o 

o 

o 

O 

9 

O 

o 

0 

o 

o 

o 

o 

Cl 

Q 

Cl 

0 

O 

o 

O 

Cl 

O 

O 

Cl 

Cl 

O 

Cl 

Cl 

O 

Cl  Cl 

Cl 

O 

0 

0  0 

0 

0 

0 

O 

0 

0 

0  0 

►9 

*9 

►9 

►9 

»9 

•9 

*9 

►9 

•9 

►9 

*9 

►9 

•9 

•9 

•9 

►9 

►9 

H 

►9 

*9 

►9 

►9 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9  ' 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

o 

O 

O 

O 

O 

o 

O 

O 

O 

o 

O 

O 

c 

o 

O 

Q 

Cl 

Cl 

Cl 

Cl 

> 

Cl 

O 

O 

Cl 

O 

Cl 

Cl 

O 

O 

Cl 

O 

Cl 

Cl  Cl 

Q 

O 

0 

0  0 

0 

0 

0 

0 

0 

0 

0  O 

*9 

•9 

•9 

•9 

^9 

•9 

H 

►3 

►9 

►9 

p9 

»9 

•9 

•9 

•9 

►9 

H 

•9 

•9 

•9 

*9 

►9 

•9 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9  1 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

►5 

»9 

•9 

►9 

•9 

»9 

»9 

•9 

•9 

►9 

►9 

H 

•9 

•9 

•9 

►9 

H 

•9 

•9 

r9 

i9 

•9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9  ' 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

O 

n 

O 

O 

n 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

fl 

O 

O 

O 

O 

O 

O 

O 

O 

n 

O 

O 

O 

n 

O 

fl 

O 

O 

o  < 

”1 

O 

O 

O 

o  n 

0 

0 

0 

0 

0 

0 

0  0 

O 

CD 

a 

O 

n 

O 

O 

O 

Q 

o 

n 

n 

n 

O 

Cl 

Cl 

Cl 

O 

Cl 

Cl 

Cl 

Cl 

O 

Cl 

O 

Cl 

O 

Cl 

Q 

O 

O 

Q 

Cl  ( 

:i 

O 

O 

Q 

0  0 

O 

0 

0 

0 

0 

0 

0  0 

O 

O 

O 

O 

o 

O 

O 

O 

O 

n 

o 

o 

o 

o 

o 

fl 

o 

O 

O 

O 

O 

O 

o 

O 

o 

O 

O 

O 

n 

O 

O 

O 

fl 

o  < 
>  : 

1 

O 

O 

fl 

O  O 

O 

0 

0 

0 

0 

0 

0  0 

> 

> 

> 

> 

> 

> 

> 

5^ 

> 

> 

> 

> 

> 

> 

S' 

> 

> 

> 

S 

> 

> 

> 

> 

> 

> 

> 

> 

> 

gg 

>  > 

> 

> 

S' 

> 

> 

> 

S  S 

o 

^ 

n 

Q 

o 

O 

O 

O 

o 

G 

O 

o 

o 

Cl 

Cl 

Cl 

Cl 

> 

O 

> 

Cl 

Cl 

o 

5* 

Cl 

O 

Q 

Cl 

> 

Cl 

Cl 

>  o 

Cl 

O  0 

0 

O 

0 

0 

0 

0 

0  0 

o 

n 

O 

o 

o 

O 

Q 

o 

O 

O 

o 

Q 

o 

o 

O 

Cl 

Cl 

O 

Cl 

Cl 

O 

Cl 

Cl 

o 

O 

Cl 

Cl 

Cl 

Q 

O 

Cl 

Cl 

Cl  Cl 

O 

Cl 

0 

0  0 

0 

0 

0 

0 

0 

0 

0  0 

n 

o 

o 

n 

o 

o 

O 

O 

o 

O 

O 

o 

o 

o 

o 

O 

o 

O 

O 

O 

n 

O 

o 

O 

n 

O 

O 

O 

n 

O 

O 

O 

fl 

o  o 

O 

o 

O 

O  O 

O 

0 

0 

0 

0 

0 

0  0 

o 

o 

o 

►9 

> 

O 

•9 

•9 

O 

o 

o 

o 

n 

O 

o 

O 

O 

O 

o 

O 

•9 

•9 

o 

o 

O 

9 

o 

n 

O 

O 

> 

o  n 

O 

o 

O 

O  O 

9 

9 

9 

9 

9 

0 

0  0 

> 

*9 

1 

»9 

•9 

•9 

Q 

1 

O 

O 

O 

> 

> 

> 

> 

> 

> 

> 

O 

> 

> 

> 

O 

•9 

> 

> 

> 

9 

> 

> 

> 

> 

9 

>  Cl 

> 

> 

0 

>  > 

0 

9 

9 

9 

0 

> 

s  s 

> 

*9 

♦9 

►9 

1 

1 

1 

1 

C 

< 

1 

i 

1 

1 

t 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1  1 

0 

Cl 

1 

t  1 

l 

1 

1 

O 

1 

O 

1 

*9 

1 

*9 

1 

1 

t 

1 

1 

t 

1 

i 

i 

1 

1 

1 

1 

1 

j 

1 

t 

1 

i 

O 

1 

o 

1 

1  t 

1 

I 

1 

1 

*9 

►9 

o 

1 

> 

»9 

O 

o 

o 

O 

o 

o 

o 

o 

Cl 

Cl 

Cl 

> 

o 

o 

Cl 

o 

Cl 

Cl 

Cl 

Cl 

O 

Cl 

o 

Cl 

> 

Cl 

Cl 

o 

o 

0 

0  0 

0 

O 

0 

0 

0 

0 

0  0 

o 

> 

O 

r> 

O 

O 

•9 

> 

o 

•9 

o 

o 

n 

o 

o 

fl 

o 

o 

o 

o 

o 

*9 

H 

n 

o 

o 

O 

o 

o 

o 

o 

O 

fl  { 

o 

o 

> 

O  O 

fl 

9 

9 

9 

9 

0 

0  0 

o 

O 

O 

o 

tn 

o 

O 

O 

o 

o 

C 

o 

o 

o 

o 

Cl 

Cl 

Cl 

Cl 

Cl 

o 

Cl 

Cl 

O 

Cl 

Cl 

Cl 

Cl 

o 

Cl 

o 

o 

Cl 

Cl  Cl 

Cl 

Cl 

0 

0  0 

0 

O 

0 

0 

0 

0 

0  0 

o 

O 

O 

n 

o 

n 

o 

O 

n 

n 

O 

o 

n 

o 

o 

o 

fl 

o 

o 

o 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

o 

fl 

fl  n 

o 

o 

O 

fl  fl 

O 

0 

0 

0 

0 

0 

0  0 

•9 

n 

•9 

►9 

*9 

•9 

»9 

h3 

•9 

*9 

•9 

*9 

►9 

o 

•9 

►9 

►9 

*9 

*9 

*9 

H 

•9 

♦9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  » 

9 

9 

9 

9 

O  9 

9 

9 

9 

9 

9 

0 

9  9 

H 

►9 

•9 

►9 

H 

z 

•9 

H 

•9 

►9 

•9 

H 

H 

*9 

r9 

H 

•9 

•9 

i9 

•9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  9 

fl 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

Q 

O 

O 

O 

o 

(D 

Q 

O 

o 

o 

a 

O 

o 

o 

O 

O 

Cl 

Cl 

Cl 

O 

Cl 

Cl 

Cl 

Cl 

o 

O 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl  Cl 

O 

O 

g 

0 

Cl  Cl 

0 

0 

0 

0 

0 

0 

0  0 

?  ? 

> 

1 

O 

S 

Cl 

Cl 

> 

0 

> 

gggg 

0 

> 

0 

> 

0 

> 

g  g  g 

a 

•-3 

•9 

•9 

•9 

•9 

•9 

*9 

•9 

•9 

►9 

►9 

*9 

|9 

H 

>9 

H 

•9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

> 

> 

> 

> 

D 

> 

> 

> 

> 

> 

E 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

S' 

S 

S  > 

n 

O 

O 

O 

•9 

O 

•9 

O 

o 

o 

O 

O 

o 

o 

O 

O 

o 

fl 

O 

fl 

o 

n 

O 

o 

n 

O 

n 

O 

O 

fl 

O 

O 

O 

fl  ( 

1 

O 

O 

O 

O  O 

n 

0 

0 

0 

0 

0 

0  0 

n 

o 

O 

O 

> 

> 

> 

> 

Cl 

> 

o 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

V 

> 

> 

> 

>  > 

> 

> 

S' 

> 

> 

> 

s  s 

•-9 

•9 

♦9 

*9 

•9 

•9 

•9 

*9 

•9 

►9 

*9 

►9 

p9 

•9 

►9 

1^ 

•9 

•9 

►9 

H 

•9 

*9 

►9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

o 

s 

O 

> 

O 

5> 

O 

5^ 

O 

o 

> 

(D 

O 

> 

O 

O 

> 

O 

OOQOOOOOOOCCOClQOOOOOnOOOOClOCnOCOOCtCOOOOOCi 

o 

o 

O 

O 

O 

o 

o 

o 

n 

n 

O 

O 

o 

o 

O 

o 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

fl 

O 

O 

O 

O  ( 

“1 

fl 

O 

fl 

O  O 

O 

0 

0 

0 

0 

0 

0  0 

> 

> 

5? 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

>  > 

> 

> 

> 

S' 

S' 

S 

>  s 

►3 

►9 

•9 

►9 

►9 

►9 

•9 

»9 

►9 

*9 

►9 

*9 

►9 

•9 

►9 

*9 

•9 

•9 

H 

H 

*9 

*9 

*9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

C3 

(D 

O 

O 

O 

O 

O 

c 

O 

o 

O 

C 

o 

n 

O 

Cl 

O 

Cl 

Cl 

O 

O 

Q 

Cl 

Cl 

Cl 

O 

Cl 

Cl 

Cl 

Cl 

Cl 

0 

Cl 

Cl  Cl 

Cl 

Cl 

0 

0  0  0  0  0 
0  0  0  0  0 

O 

0 

0 

0  0 

O 

O 

O 

S 

O 

O 

Q 

o 

9 

9 

O 

O 

c 

o 

0 

0 

O 

Cl 

O 

Cl 

Cl 

O 

Cl 

Cl 

O 

O 

O 

Cl 

Cl 

O 

o 

Cl 

Cl 

Cl  o 

Cl 

O 

0 

0 

0 

0 

0  0 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

>  > 

> 

> 

> 

S' 

> 

S 

>  S 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  ; 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

s  s 

►9 

►9 

•9 

•9 

►9 

•9 

♦9 

•9 

•9 

►9 

>9 

*9 

h3 

*9 

*9 

*9 

►9 

H 

•9 

•9 

•9 

r9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  t 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9  t-9 

g  5  ?  is  5  g  g  g  5  g  g 

O 

> 

Cl 

•9 

•9 

•9 

►9 

*9 

•9 

•9 

*9 

•9 

►9 

►9 

>9 

•9 

•9 

H 

►9 

*9 

►9 

►9 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

(D 

<D 

O 

> 

C 

> 

o 

O 

o 

O 

O 

O 

o 

O 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

O 

Cl 

O 

O 

O 

O 

O 

Cl 

O 

Cl 

O 

Cl  Cl 

Cl 

Cl 

0 

0  0 

0 

0 

0 

0 

0 

0 

0  0 

C 

O 

O 

S' 

E 

o 

o 

Q 

E 

o 

E 

§ 

§ 

O 

E 

O 

o 

O 

> 

Q 

> 

i 

g 

Cl 

S' 

O 

S' 

O 

> 

Cl 

> 

Cl 

S' 

Cl 

> 

Cl 

S 

Cl 

S' 

Cl 

O 

O 

> 

O 

> 

Cl  Cl 
>  > 

Cl 

> 

Cl 

0 

0  0 
S'  S' 

0 

s 

0 

S' 

0 

S' 

i 

0 

S' 

0 

S 

0  0 
s  s 

S 

s 

§ 

i 

i 

S 

§ 

S 

§ 

s 

i 

I 

i 

1 

1 

1 

I 

> 

•9 

s 

% 

§ 

§ 

I 

1 

i 

I 

> 

9 

> 

9 

Si 

> 

9 

s 

9 

i 

S  2 

9  9 

s 

s 

s 

i 

i 

s 

9 

s  s 

9  9 

> 

> 

> 

E 

> 

> 

> 

E 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

S 

>  s 

o 

O 

o 

o 

o 

(Tl 

c 

o 

O 

0 

n 

c 

o 

Ci 

o 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

o 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl  o 

o 

O 

0 

0  0 

0 

0 

0 

0 

0 

0 

0  0 

o 

> 

Q 

o 

o 

c 

c 

9 

9 

c 

0 

o 

o 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

o 

o 

Cl 

Cl 

Cl  Cl 

Cl 

Cl 

0 

0  0 

0 

0 

0 

0 

0 

0 

0  0 

> 

o 

E 

> 

> 

> 

E 

E 

E 

E 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

>  > 

> 

> 

> 

S' 

> 

S 

s  s 

n 

n 

n 

n 

o 

O 

n 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

fl 

fl 

o 

n 

o 

fl 

o 

o 

n 

n 

o 

n 

o 

O 

O 

n  o 

fl 

o 

n 

n  n 

fl 

0 

0 

0 

0 

0 

0  0 

•-3 

*9 

►9 

«9 

•9 

o 

•9 

•9 

•9 

*9 

►9 

►9 

*9 

*9 

>9 

•9 

•9 

o 

*9 

n 

•9 

»9 

•9 

9 

9 

9 

9 

9 

9 

9 

Cl 

9 

9  Cl 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

H 

*9 

O 

•9 

•9 

*9 

*9 

•9 

•9 

•9 

*9 

•9 

H 

•9 

*9 

r9 

•9 

*9 

•9 

H 

r9 

•9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

fl 

9  • 

9 

o 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

« 

1 

I 

♦9 

1 

1 

•9 

1 

1 

O 

1 

>9 

•9 

1 

»9 

•9 

1 

•9 

1 

1 

H 

1 

1 

o 

»9 

1 

*9 

< 

1 

*9 

1 

1 

►9 

1 

n 

•9 

1 

•9 

t 

1 

►9 

1 

1 

9 

9 

1 

1 

9 

9 

9 

9 

9 

1 

O 

i 

1 

9 

1 

9  o 

1  1 
>  I 

o 

9 

o 

9 

9 

1 

1 

9  9 

1  1 

1  1 

9 

1 

1 

9 

1 

9 

1 

1 

9 

( 

1 

9 

1 

1 

9 

1 

t 

0  0 

1  1 

1  1 

O 

o 

o 

o 

t 

o 

O 

o 

o 

c 

O 

C 

1 

Q 

O 

O 

o 

Cl 

C 

1 

O 

1 

O 

fl 

o 

Cl 

o 

Cl 

Cl 

1 

Cl 

1 

Cl 

Cl 

1 

Cl 

Cl 

n 

Cl 

Cl 

1 

O 

Cl 

Cl 

1  < 
Cl  Cl 

o 

Cl 

Cl 

1 

0 

0  0 

1 

0 

0 

1 

O 

» 

0 

f 

0 

0 

1  1 

0  0 

o 

o 

o 

O 

o 

c 

9 

0 

O 

O 

o 

o 

Q 

Cl 

o 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

o 

Cl 

Cl 

o 

o 

o 

Cl  Cl 

Cl 

O 

0 

0  0 

0 

0 

0 

0 

0 

0 

0  0 

•-3 

*9 

♦9 

•9 

*9 

•9 

•9 

•9 

»9 

•9 

•9 

►9 

•9 

*9 

•9 

*9 

•9 

*9 

•9 

H 

•9 

•9 

•9 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

H 

n 

O 

►9 

O 

O 

O 

•9 

►9 

•9 

►9 

•9 

•9 

•9 

•9 

►9 

>9 

•9 

h3 

►9 

•9 

•9 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

O 

o 

O 

O 

►9 

O 

O 

•9 

•9 

o 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

fl 

O 

fl 

fl 

O 

O 

O 

fl 

o 

O 

O 

O 

O 

fl 

O  i 

D 

o 

n 

O 

O  O 

O 

0 

0 

0 

0 

0 

0  O 

Q 

»9 

•9 

*9 

►9 

•9 

•9 

»9 

G 

►9 

•9 

►9 

|9 

*9 

*9 

►9 

►9 

•9 

*9 

•9 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  * 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

s: 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

S 

S 

S  S 

*9 

»9 

•9 

*9 

►9 

♦9 

•9 

H 

H 

►9 

►9 

*9 

►9 

►9 

> 

•9 

•9 

H 

►9 

r9 

•9 

♦9 

►9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

Cl 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

H 

^9 

*9 

»9 

•9 

►9 

•9 

*9 

•9 

•9 

►9 

*9 

•9 

•9 

*9 

•9 

►9 

►9 

•9 

*9 

*9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  * 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

►9 

»9 

•9 

►9 

H 

•9 

•9 

►9 

•9 

•9 

►9 

•9 

*9 

•9 

*9 

►9 

•9 

H 

H 

►9 

•9 

•9 

*9 

9 

n 

9 

9 

9 

9 

9 

9 

9 

9  1 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

►9 

1 

•9 

1 

*9 

►9 

^9 

1 

O 

*9 

1 

1 

»9 

1 

O 

1 

►9 

i 

H 

►9 

*9 

»9 

*9 

•9 

♦9 

1 

♦9 

*9 

1 

i9 

fl 

♦9 

fl 

9 

9 

1 

9 

1 

9 

1 

9 

9 

1 

9 

1 

9 

9 

1 

9  < 

9 

O 

9 

1 

9  9  9 

1  1  1 

9 

1 

9 

1 

9 

0 

9 

0 

9 

9 

1 

9  9 

1  1 

O 

o 

1 

O 

O 

1 

O 

C5 

1 

O 

O 

9 

1 

o 

1 

O 

O 

O 

O 

O 

Cl 

1 

Cl 

1 

Cl 

O 

Cl 

1 

O 

1 

O 

O 

Cl 

O 

Cl 

1 

Cl 

1 

o 

i 

O 

1 

o 

Cl 

i 

O 

j 

Cl 

Q 

1 

O 

Cl  Cl 

1 

Cl 

O 

1 

0 

1  i 
0  0 

1 

0 

I 

0 

0 

0 

0 

0 

0 

1 

0 

0  0 

H 

►9 

*9 

•9 

*9 

H 

•9 

*9 

*9 

►9 

•9 

►9 

►9 

•9 

H 

H 

•9 

•9 

•9 

r9 

•9 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

•9 

►3 

•9 

•9 

H 

•9 

•9 

•9 

•9 

•9 

•9 

•9 

•9 

•9 

H 

►9 

*9 

H 

•9 

O 

*9 

•9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9  • 

9 

9 

9 

9 

9  9 

9 

9 

9 

9 

9 

9 

9  9 

Q 

O 

Cl 

C 

Cl 

O 

O 

O 

O 

O 

O 

C 

c 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

O 

Cl 

Cl 

Q 

Cl 

88 

O 

0 

Cl 

8  8  8 

Cl  Cl 

Cl 

Cl 

0 

0  0 

0 

0 

0 

0 

0 

0 

0  0 

o 

O 

O 

a 

O 

C 

O 

O 

O 

C 

O 

O 

O 

c 

Cl 

Cl 

Cl 

O 

O 

O 

O 

Q 

Cl 

Cl 

Cl 

O 

Cl 

O 

Cl  O 

Cl 

Cl 

O 

0  0 

0 

0 

0 

0 

0 

0 

0  0 

190 


n  n  , 

H*  H* 

n  *0  (D  w 
0)  rr  o 
o  CL  H*  k 

»0  pi 

H*  »->♦-•  5* 

p)  H.  pi  pi 


W  K 
(D  P  to 


3  C  tr  *0  P 
.  „  n  O  ?o  O'  or  H-  o  H-  ^r 

su3l->•^^(^)a^0»N«Q^H♦ 
tXJtQH-pPPh-WOS 
m  H-O  li  CLH*i-'rr»0  & 


O  O  .  , 

©  *0  p.  I 


CO  pi  p) 


♦0  M-'l 
P»  *0  I 

rr  JJ»  ( 

»>  p*  w  O  rr  I 

3  to  O  W  pr  ( 


*3  H 
•-3  H 
•3  H 
O  O 
O  H 
> 


-3  H 
O  O  O  O 
O  1  1  t 

►6  H 


•>3  H 
O  H 
^  O 


H 

►6  H 
►3  H 


•3 


D 

to 

s 

> 

X 

a 

o 

N 

n 

n 

rd 

o 

no 

n 

X 

(0 

as 

*T) 

to 

> 

p* 

to 

p 

p 

n 

p 

p 

o 

0 

p 

p 

P 

P 

p* 

p 

o 

ft 

H 

p 

n 

p 

to 

rr 

c 

•3 

rr 

rr 

p 

K 

o 

P 

n 

p 

M 

n 

*< 

K 

H- 

or 

0 

p 

p 

♦c 

n 

O 

*T3 

0* 

0> 

P* 

'rj 

h 

P 

o 

rr 

P 

H* 

p* 

P 

p- 

p 

P 

3 

O 

0 

rr 

p 

p 

p- 

0 

3 

0) 

H* 

p' 

S 

c 

p- 

rr 

n 

*< 

p 

rr 

p 

p* 

N 

p 

p 

rr 

P 

P* 

« 

O 

0 

rr 

a 

to 

•0 

< 

•0 

P 

•c 

p 

CL 

p* 

H* 

p* 

p 

p* 

p 

0 

O 

P 

p 

o 

rr 

O 

p 

tJ 

p 

tr 

p- 

0 

P* 

0 

O 

ri 

P 

tQ 

P- 

0 

P 

P 

o 

H- 

rr  *0 

P 

rr 

p 

rr 

P*  tJ 

ri 

rr 

p 

0 

p 

3 

p* 

P 

n 

O 

rr 

H- 

»0 

< 

P 

rr 

CL 

P* 

u 

P 

P*  «Q 

ri 

H- 

P 

P 

p 

P  to 

p- 

(V 

(U 

Cl> 

o> 

P 

P* 

P 

rr 

p 

(T 

p> 

P 

P 

p 

rr 

H- 

0 

H- 

<T 

p* 

p 

p 

0 

p 

*3 

•3 

•3 

•3 

•3 

•3 

*3 

►3 

•3 

r3 

•3 

•3 

*3 

H 

•3 

*3 

^3 

i3 

►3 

•3 

•3 

•3 

•3 

►3 

•3 

♦3 

►3 

•3 

•3 

*3 

r3 

►3 

•3 

•3 

•3 

H 

r3 

H 

•3 

•3 

►3 

►3 

►3 

►3 

*3 

•3 

►3 

•3 

•3 

►3 

►3 

•3 

•3 

H 

^3 

n 

*3 

H 

•3 

^3 

*3 

n 

^3 

^3 

•3 

•3 

*3 

•3 

•3 

►3 

n 

o 

n 

1 

n 

1 

n 

1 

n 

1 

n 

1 

n 

n 

t 

o 

J 

n 

n 

1 

n 

n 

n 

n 

n 

o 

n 

n 

j 

n 

( 

n 

1 

o 

n 

1 

n 

1 

n 

n 

J 

0  a  (t) 
(0  tr  3 
3  0  0 
o  tJ  0 

P  I-'  p- 
O  CD  CU 

M  C  o 


H 

H 

.  ►a  1-3  . 

O  O  O  O 

>  I  O  I 

^3  H 


►3 


tDOOOOnOOO>000<DOOOOOOOOO(POO(D>0(riO(DO(D(DOOOOOO>'OQOOOO 


t  =r , 

non 

non 


n 

n 

o 

n 

n 

n 

n 

n 

o 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

o 

n 

n 

n 

n 

n 

n 

n 

n 

&  S  ^  S 

> 

> 

> 

i-  ^  5»  ^  ..  ,  . 

ononnnnoo 
nnonnnnon 

I  t  I  1  I  t  )  I  1 

oooonnoo^ 


nnnnnnnnnnnnn 

nnnnnnonnnnnn 

I  1  I  i  I  1  (  I  I  I  I  I  H 

ooooooonooooo 


o  non  n  n  n  n  n  n  n  n  n  n  nnnnnnnnnnnnnnnn  n  nnnnnnnn  n  nnnnnnnn 
HH»3»-3^3^3^3r3Hr3r3Hr3^3HH^3HHH^3H3H^3H^3H^3r3»3H3i-3^3^3^3^3^3^3HaH^3H*^H'^*-9HH 


nnnnnnnnnn 

>>>>>>>>>> 

►3r3«^n^Hr3H^3^3 

r3j3n»34^3H*3*3»3 

*3  n  n  '"3  *3  n  *3  n  n  *"3 

>>>>>>>>>> 
n  n  n  n  n  n  n  n  n  n 

nnnnnnnn>n 
nnnnnnnnnn 
•*-’^>>>>>>>> 
nnnnnnnn 

nnn^'nnnn 

►3Hr3'3'3S>^r3 
-^^►3»3t3H'-3^3H3^^ 

nnnnnnnnnn 

nnnnnnnnnn 


H  *-3  13  >3  ^3  *-3  *-3  I 

n  n  n  n  n  n  n 
>>>>>>> 
►3  H  H  ^3  >3  *3  >3 

►3  H  H  H  ^3  n 

iillll 
>>>>>> 
n  n  n  n  n  n 


►3  *3 
►3  r3 


n  n  n  n 
n  n  n  n 
n  n  n  n 


n 

n 

n 

n 

n 

o 

n 

n 

n 

n 

n 

n 

n 

o 

o 

n 

n 

o 

o 

o 

n 

n 

n 

n 

o 

o 

n 

n 

n 

n 

n 

o 

o 

o 

G^ 

n 

o 

n 

o 

n 

n 

o 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

H 

H 

H 

H 

H 

H 

H 

H 

•3 

H 

H 

►3 

H 

H 

H 

H 

H 

*3 

H 

H 

H 

H 

H 

H 

H 

»3 

♦3 

»3 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

H 

H 

H 

H 

♦3 

*3 

*3 

•3 

H 

*3 

*3 

•3 

*3 

H 

H 

*3 

H 

H 

•3 

H 

H 

•3 

►3 

H 

H 

•3 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•3 

H 

H 

H 

H 

*3 

*3 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

o 

H 

H 

H 

*3 

H 

H 

H 

H 

H 

H 

H 

H 

•3 

*3 

H 

H 

•3 

H 

H 

H 

H 

H 

H 

H 

H 

*3 

H 

H 

o 

n 

o 

n 

(3 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

o 

o 

o 

n 

n 

n 

o 

n 

> 

n 

> 

n 

n 

n 

n 

n 

n 

n 

n 

G3 

n 

G3 

G) 

G^ 

G1 

n 

O 

n 

n 

n 

n 

n 

n 

n 

•3 

*3 

i3 

*3 

n 

H 

o 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•3 

H 

•3 

H 

H 

H 

H 

H 

H 

H 

H 

> 

•3 

•3 

*3 

H 

H 

H 

H 

H 

*3 

*3 

H 

H 

•3 

*3 

•3 

H 

•3 

•3 

H 

•3 

•3 

»3 

H 

•3 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

•3 

»3 

*3 

•3 

H 

•3 

^3 

•3 

*3 

•3 

*3 

•3 

•3 

•3 

H 

•3 

•3 

*3 

H 

•3 

•3 

•3 

•3 

•3 

•3 

n 

n 

o 

n 

n 

n 

n 

o 

n 

n 

n 

n 

o 

o 

n 

o 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

n 

o 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

n 

n 

n 

o 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

8 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

8 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

►3 

•3 

•3 

H 

►3 

H 

•3 

H 

*3 

•3 

*3 

•3 

•3 

h3 

►3 

•3 

•3 

•3 

♦3 

»3 

H 

•3 

H 

•3 

•3 

•3 

•3 

•3 

n 

n 

o 

o 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

P 

onnnnnnnnnn 

•-3HHHH^3*-3*3»3*3^3 

nnonnnnnzon 
>>>>>>>>>>> 
n  n  n  n  n  n  n  n  o  n  n 

>>>>>>>>>>> 
n  n  n  n  n  n  n  n  n  n  n 

onnnnnnnnnn 

H*3H^3»3H*3*3HHH 

nnnnnnnnnnn 


•3 

•3 

•3 

•3 

*3 

*3 

•3 

•3 

♦3 

*3 

n 

n 

o 

n 

n 

o 

n 

•3 

t3 

*3 

•3 

•3 

n 

•3 

•3 

♦3 

•3 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

> 

> 

> 

> 

> 

> 

> 

•3 

•3 

•3 

»3 

n 

•3 

•3 

•3 

•3 

•3 

n 

•3 

•3 

*3 

•3 

•3 

•3 

•3 

> 

> 

> 

> 

> 

> 

> 

•3 

n 

►3 

*3 

o 

>3 

n 

n 

n 

n 

n 

n 

n 

.  _  13  >3  >3  H  H  13 

►3i3i3H^3HHt3 

nnnnnnnn 

•3K3^9'-3r3>3^3*^ 

»3H«-3>-3>3^3»3*-3 


nononnnnnnnni 


1-3  H  H  *3 


s  s 

►3  ^3  >3  n 
•3  n  »3  n 
•3  *3  H  H 

>  n  >  o 


>  >  >  >  > 

►3  ^3  i3  »3  ^3 

h3  H  *3  H  *3 

^3  |3  |3 
>  >  >  >  > 


§ 

H 

_  . . . .  s _ _ 

nnnnnnnnnnnnnnnnn 


*3  >3 
•3  *3 
•3  *3 
>  > 


•3  H  H 
•3  >3  >3 
>  >  > 


S  S  S  S  S  S  S 

►3  >3  »3  ^3  »3  ^3  >3 

•3  >3  ^3  ^  ^3  *3  *3 

^ 

>>>>>>> 
n  n 


•3 

•3 

•3 

*3 

*3 

•3 

•3 

►3 

►3 

•3 

*3 

•3 

•3 

•3 

•3 

•3 

>3 

•3 

*3 

•3 

♦3 

►3 

n 

n 

n 

n 

o 

n 

n 

n 

o 

n 

n 

n 

o 

n 

•3 

•3 

•3 

•3 

►3 

H 

•3 

•3 

H 

*3 

•3 

*3 

*3 

►3 

•3 

•3 

►3 

n 

n 

n 

n 

n 

Q 

n 

n 

P 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

•3 

►3 

•3 

•3 

•3 

♦3 

•3 

•3 

•3 

•3 

►3 

*3 

•3 

•3 

•3 

H 

•3 

H 

►3 

•3 

•3 

•3 

•3 

•3 

•3 

•3 

*3 

•3 

•3 

►3 

•3 

•3 

•3 

•3 

> 

> 

> 

> 

> 

> 

n 

> 

> 

> 

> 

> 

> 

> 

o 

n 

n 

n 

o 

n 

n 

o 

n 

o 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

n 

> 

> 

> 

> 

> 

> 

> 

> 

> 

n 

n 

n 

n 

o 

n 

n 

n 

n 

n 

n 

n 

n 

o 

n 

n 

n 

n 

g 

. >3  . 

—  —  —  —  —  —  —  —  —  —  —  —  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n  n 

_ _ nnnnnnnnnnnnnnnnnnnnnnnnnnnnononnnnnnnn 

n  n  n  n  o  n  n  n  n  n  n  n  n  n  n  n  n  n  non  n  n  n  nnnnnnnnnn  n  n  n  n  non  n  n  n  n  n  n  n 

nn I nonnnnnnnnnnnnonnnnnnonnnonnnonoonnoononnnnnn 
>>>S>'*3>»3n»3*3»3*3^3*3*3^*3*3'3H*3*3H'3H*3^3i3»3»3'3»3*3^3*3»3^3H'3*3'3'3»3»3^3^3H'3 

nnnnnnnnf'>>nnonnnnnnnn>>nnn>nnnnnnnnnnno>>>>>nnn 


191 


H-  H*  H 

o  *0  n)  w 


w  s 
(5  3  to 
H*  (D  h  D 
0)  3  H*  ro  tD 


C^W»i3W>0>  D  ,  W  K^XDONO 

SCb'h-'OSJH-P'OH’W  01  (DOO^OiOOfl) 

D'D*H-OH*fTh$rTjuwrr  CHrr  ^rOlMn^<OIf^ 
-  -  -  -  cwH'hjH*h-'oo»ocro)3'*»jn 

nw  H-*d*<  O  3  0)  C  H-aO‘<3  rr0» 

rT0)’O  0»  rrw'O  <*0  Oi'O  3  a3*H'»-'0>3'3 


rroW«QH*0»33l-’< 


o  a  H-  k:  (d  h-  o  i 

•a  0)  ^^*0  h  3  *0  ( 

M  M  »-•  3*  O  O  to  I 

»  M-  0>  0>  ffi  *0  H-  i 


l-'fT*0  0»  rT0)*O  3  rrw' 


n  *->  C  HwnH-rroj  rrtro  ETO  O  hOt<Q  p-otuO>  OH'rT*cJ  3  rT3 


3:>3:DONOt?3»ao»ooa:w2wtx)>r  >  ^ 

a)OO^OiOO(J)30i(03'(DOrr|  HroO{D>33 
rroiMotioi^ttuh  ^^^MMH-troMOt'a  B  rt  a 
n  3OrT‘<3H*H0i  M-i-‘0>300rrM3H*(I>3‘3 
H*aO‘<3  rTO»t-*N  Oi  Mcrp)  EJ'i  0  0  rrOt,g  o  O 
a3*H'»-'0>3'300  SJUOrrotO’O  33'h-O*03 


'0<3rT£LD'M  3  3‘U3  m-oj  w  a>  P 

rrp  rTH-M(D  P  rrC  H-OH-aP-MMOW  •-•C  Q 


OOOOOOOOOOOOtDOOOOOOOOC^OOOOOOOOOC^OOCSOOC^OOOOOOOOOQ 

ooooooooooooooooooonoooooonoonoooonoooooooooooon 

OOgOOOCOOOPPPpQQpOOPQCiOOCOOOOOOOQOOQQQOOOOOtDQQOO 


OOOOOOOOOOtDOPOOOOOPOOPtDOOPOOOOOPPOOOOOOOCJQQOnClOQ 

OOOOOOtTJOCDtJQOOOQOOOOOQtDPQC^OOOOOOOOQOOOOOOOOOOOOOO 

oooonoooooHononoooooooooooooonooooooooooHOooooon 

OOOOOOOOOOnOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOO 

OOOOOCOOPPOOPPPOPQOOOPOOOPOOOOOPPOQQQOOOOPOPQnOO 

OOOOOOOOOOOPPPPPPOpOPOOOPOPOtDPQOOOOPPPPOQOOOOOOQ 

ooooooonooooooooonoooooooooooooonoooooooooooonoo 

ppoooonooooooooooooooooooooooonooooooooooonoooon 

PpOQOpppOOPPPQQOOPPOOOPPPOOCOOQQOPOPPPOPOOOOOOOQ 

nnnnnnnnnnnnnnnnnonnnnnnnnnnnnnnnnnnnnnnnnnnnnon 

QQQQOooQOQOopappQpooooooaciOoooociooociCiOZoooQC^ooQO 


o  o  o  o 

H  *-3  H 
H  ►a  H 
>  >  >  > 
O  O  Q  O 

i:  ^  a 


>  >  I  > 

H  H  I 

n  n  t  n 
o  o  o  o 


o  o  o  o 

H  H  H  H 

►3  >4 

>  >  >  > 
o  o  o  o 
>  >  >  > 
o  o  o  o 
P  P  o  o 
>  >  o  o 

►3  H  *-3 

o  o  o  o 

p  p  p  p 


PPPPPPPPPPPPPPPPPPPPPPPPPPPOPPPPOOPPPPPPPPPPPPPP 

>>PPP>P>>>>>>>>>>>>>>>>'>>>>>>>>>>>>>>>>>>>>>>>'>> 

PPPPPPPPPPPPPPPPPPPQQQOOOPPPPPPPPPPPPPPPPPPPPPPO 

PPPPPPPPPPPPPPPPPPPPPPPPPPPPOPPPPPPPPPPPPPPPPPPP 
p  p  p  p  p  p  p  p  pppppppppopp  P  p  P  ppPPPPPPpppppppp  p  PPppppoo 

►3>Ht30>0>>>>>>>>0000>>>>>0?>'>'>>>>PO>00>>>0>>  t  >>>00 

Ht-3*-3*-3i-3^9*-3Hi-3^^i-3t^t-3K3*-3HHt-3H*-3*-3*-3^€*-3'-3'-3'3H*^'-3*-3H'^*-3*-3*-3*3*3*-3*-3Hi-3  i  ►3^3*-3»-3>^ 

pooooonoooooopoooooooononooooonoonnnnooonn  i  ooooo 

pppppppppppppppppppppppppppoppppoppppPpppppppppp 

P  P  P  P  P  P  ppppppppppppppppp  p  ppppppppp  p  p  p  p  p  2  P  pppppppp 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

poooooononooooooooooooooopooopopoooooooooononnoo 

pppppppppppppppppppp  p  p  p  p  ppppppppp  p  p  p  ppppppppppoo 

ooopoooooopooopooonoooooopooopooponoooooppoooooo 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
pppppppppppppppppppp  p  p  p  p  p  p  p  ppppppppp  p  p  p  p  p  p  p  p  p  p  p  p 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

ooooopooooppnonoooooooooooooooooooooonnonooooooo 

ooooonopononnopooopooonoooooooooooononpoooooooon 

P  P  P  P  P  P  P  P  P  P  P  P  p  p  P  P  P  P  P  p  P  p  PPPppPPP  P  P  P  P  P  P  P  P  P  P  P  P  p  p  p  CD  P  P 

i-aonooooooooooooooooppopnpooononooooooooooooopnoo 

poppoooooooooooonopnoonppppnooononoopoooooonoono 

>>>>>>>>>>>>>>>>>>>>>  >  >  >>>>>>>>>>>>>>>>>>>>>>>>> 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP 

onooopoooonoooooooponoooooooooonnoonooooooooopo> 

onoooonooooonoooopopoononoooonnnooopoopoopoooooo 

onoooooooooooooooonoopoopoooooooooonoooooniooonon 


oooooooopoopoooooopoonooopopoppooopooooopoooonoo 

p  p  p  p  p  p  p  pppppppppppp  p  p  p  p  p  p  p  p  p  p  p  p  p  p  pppppppp  p  p  p  p  p  p 


192 


H  W  2 

H  H  fl>  D  ® 

H-  H-  V*  »  O  50 

0*0®®  P>3h-®® 


►a50*TjM>r>>  D 
C  5'h-'d  &  H-& 

Cri—  O  H-rrn  fTff  W  I 


jKH>>iH-H'OO®Cr®3'»5lH30rr 


s>2DOtsinw®o®n3:wz*TJw>®  ; 

®oiii®oo®D®orr®orr|  M®n®>l 


rr®  ro<QH-»  3  ai-»«  o  go'd  H-*d*<o  g  ^h-h-^ 


O  CL  H*  *<  ®  H-  o 
•0  0»  M  *D  ti  3  "d 


»1  £LH-Mrr'd  ®  rrt»*0  ®  rr 


•51H  POcrSPH-MOH-H-^gO  OfTMd  O  tf  B 
C  H-rtnKJSrrtU  i-NOtH'fTOi  ETCO  Orragoo 
3fL3'Mi-®£r3OO30>OrtO®'0  33‘H-o’d3 


®f^v-c:t^wnH'fT0>rr£ro£rooii®tt5H-Ott0>O»-rr'O5jrr3rTt3''O^irT 


p*wOrrcro3H'3tiOrTH' 


*0<3rTa3'M  33'tQ»iH*pj  m 

rrjtt  rrp'H*®  O  rr  C  H-O  H-rrH-i-'MO  «  »-*C  O 


o  o  o  o 

K  s  ^ 

o  o  o  o 

H  *3 

>>  a  > 
a  a  o  o 
o  o  o  o 

Q  O  O  O 
>  >  >  > 
•g  ►a 
o  o  o  o 

o  o  o  o 
>  >  o  o 
o  o  o  o 
>000 
o  o  >  o 

H  H  H  ig 

o  o  o  o 
•g  ►g  tg  ►g 


H  H 

>  >  >  > 
►9  •g  Q  H 
*g  ig  o  H 
•g  o  o  > 
H  H  > 

>  >  n  > 
H  ^  ig  H 
O  O  O  (i) 

>  >  >  > 


tg  H  ' 
o  >  o  > 

o  H  it*  *g 
>  o  *3  o 
•g  «g  »g  >g 

S:8S:S 

O  Q  (D  O 
O  >  O  > 

noon 
H  o  ^  o 
n  n  n  H 
n  o  n  o 
H  o  o 
H  ►a  ►a  tg 
o  r>  o 
o  o  o  o 
oooo 
nano 


>oo>^o*^oooo*^>i^ 

'g»gooo^^oo*gno^^^aH 

OQOQOOOOOOOOQO 

oooooooooQdoon 

>ooooooooonooo 

>>>>>>>>>>>>>> 

oooooooooooooo 

ooooQooonnoooo 

H»g»g»go^^O'g^g'gH3H*g»g 

•gigHH'go'gtg^a^aH^^'gH 

>*gnHHntgH^‘g'g»g*g»^ 

oooooooooooooo 

00>>>0>0000000 

oooooooooooooo 


>  >  >  > 
oooo 
o  o  o  n 
►3  >  H 

5 

>  >  >  > 


>  >  >  > 
oooo 
oooo 

ig  s  H 
►a  h3  ►a  H 
>  >  >  > 
H  *g  •g 
O  Q  O  O 

oooo 

oooo 


>  >  >  > 
oooo 
oooo 
H  H  *g  h3 
1:5  |g 

S  S  ^ 

H  H  tg  ig 

oooo 

oooo 

oooo 


>  >  >  > 
oooo 
oooo 
H  h3  H 

•g  *g  *g  H 
o  >  o  > 

^3 

oooo 

oooo 

oooo 


oooo 
>  >  >  > 
oooo 
►g  ig  tg  ^ 
>  >  >  > 
oooo 
oooo 
oooo 
>  >  >  > 

I  *g  ^g  ►g  H 
oooo 
o  >  >  > 
oooo 
o  >  >  > 
oooo 
o  >  >  > 
oooo 
•g  «g  H  >g 
oooo 
H  ^g  ►g  H 

•g  ►g  •g  *g 

ssss 

I  tg  ►g  H  •g 


ooooooooo 

ooooooooo 

OHOOOOOOO 

ooo^g^goH^gH 

OOOOOOOOO 

►30oooo*g*g^g 
»gH*gH«g»g*g»g^ 
H»g^»gHO*g*g»g 
o  o  o  o  o  o  o  o  o 
O  O  O  O  O  O  O  O  o 
ooooooooo 

>>>>>>>>> 

ooooooooo 

ooooooooo 

^goig^g-g-g^g^gig 

HH^g^a^g'g.g^g^g 

>^>>>>>>> 
•g>'g*g'g^g>g*go 
ooooooo  I  o 
OOOOOOOOO 

ooooooooo 


oo^g*g»gov3r)oooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooo 


I  I  >  t  1  I  I  I  >  I  I  I  I  I  I  I  I  I  t  I  I  I  1  I  t  I  I  I  I  I  I  I  I  (  I  I  I  I  I  I  I  I  I  t  I  I  I  1 

oooooooooooooooooooooooooooooooooooooooooooooooo 

>^g^g•g>'^g>•g►g►gH•g^g•g^g*g^g*g»g^g^gHHH^g•g•gH^g^g^g•g*g^►g•gH♦g^g►g►g►g^g►g^g►g^g•g 

•g^goHooo»g*gH*g*g'g*g*gooooo»gH*g»go*g*goH»g'g*g*g'g'g'g*g'g*goc)*gH'g^g>g*gH 

►gH»g>g*g'g»g»gHHH*g*g*g'g*g‘g'g^g*g^g^g«g>g*g»gH^gH^gH*gH*g*g'g'g>g*g*g'gH*g»g»g>g»g»g 

•gH>gHH^g*g'g*gH*g>gH^g»g>g*gHH‘g*g^g'gH»g*g*g'gH^gHHH^g^g^g'g'g*g*g»g*g'g»g*g'gH»g 

•g*g*gHo*go'g*gHHH*g*g'gH*gHH*g*g*g'gH»g»g»g*g*g»g^g»g*g'g*g*g'g'g»g*g*g*g'g'g'g*g*g'g 

o  o  o  o  o  o  o  o  o  o  ooooooooo  O  o  O  O  O  O  O  o  O  o  O  o  O  O  o  O  o  O  o  o  o  o  o  o  o  o  o  O  o 

o  o  o  o  o  ooooooooo  O  O  O  O  O  O  O  O  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

*gH»g»g'g*g«g*g»g*gtg'gHH»g*g'g*g*g*g»g*g*g*g*g*g»g»g'g*g*g»g*g*g»g«g*g*g»g*g*g*g*g*g»gtg*g*g 
•gHigHH^g*g*gig»gzH^gHH^g^gHH^g*gHB*g*g*g»g»g'g>g*g^g»g>g*g»g»g»g*g'g*g^g^gH^g*g»gH 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOH 
oooooooooooooooooooooooooooooooooooooooooooooooo 
o  oooooooooooooooooooooooOoooooOOoooooooooooooooo 
o  o  o  o  o  o  o  o  o  o  oooooooooo  o  o  o  o  o  o  o  ooooooooo  o  o  oooo  o  o  o  o  o  o 
O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  oooooooo  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  OoOOooooOO  O  O  O  O  O  o 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  i  O 


OOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOO 


‘::^:;§:;§^2t3::3jgjg;g:g|gjg|gjg 
•  >>>>>>>>>>>>>> 
i-g^g'gHH'gHH^gH'gHHH 
i^OOOOOOOOOOOOO 

io>goooooooooooo 
iH'g^g^g^g^g^g^^g^g^gHtgvg 
>oo*gH^g^g*gHH>g^g»gHH 
)  o  o  o  o  o  o  o  o  o  o  o  o  o  o 
>00000000000000 


•g  ig  *g  *g  H  H 

S  S  S  S  S  S 

H  *g  H  ►g  •g  *g 

o  o  o  o  o  o 

o  o  o  o  o  o 

►g  *g  ►g  ►g  H  ♦g 

►g  H  H  ►g  »g  ►g 

o  o  o  o  o  o 

o  o  o  o  o  o 


•g  tg  tg  g  tg  H 

O  Q  Q  O  O  O 

o  o  o  o  o  o 


*g  ig  ►g  >g  •g  ►g 

S  S  S  S  S  S 

►g  *g  ig  H  •g  »g 

o  o  o  o  o  o 

o  o  o  o  o  o 

•g  H  ig  H  H  tg 

•g  H  »g  H  H  H 

o  o  o  o  o  o 

o  o  o  o  o  o 


•g  tg  tg  *g  ►g 

S  S  S  S  S 

•g  H  H  •g  ►g 

o  o  o  Q  o 

o  o  o  o  o 

*g  H  H  H  ►g 

*g  H  ►g  *g  ►g 

o  o  o  o  o 

o  o  o  o  o 


•g  tg  ►g  *g  *g  *g 

S  S  S  S  S  S 

•g  *g  ►g  ♦g  ►g  ►g 

go  o  o  o  o 

o  o  o  o  o 

►g  *g  H  ►g  H  ►g 

•g  ►g  ►g  ►g  H  H 

o  o  o  o  o  o 

o  o  o  o  o  o 


'O^oooooo*goooooooooooooooooo*goo*goo'goooooo*goo 
0>00000000000000000000.0  00000000000000000000 
io«g*g'g*g'g>g*g»g*g*g*g*g*g*g*g*g'g*gH*g»g'g*gH'g'gH^H'g»g»^'^'^^'^^t5^^t^^ 
t  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

lOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


193 


H  h 
H-  H-  H 

n  *0  (0  w 
y  <t)  rr  O 
O  &  H-  •< 
•o  jj>  M 'd 
i-»  h-  M  y 
(0  t-*'  {V  o> 


n  3 
o  o 

(D  *0 


S  G»9»»idW>0>  o 

3®  Sc&j-'cr&H-y’idH-w  H 

fl>*sa»a'CrH-OH-fTHirrti»mrr  C*^rT 

3  H*ro  (T>  (DJW  N  WJM  H-HtH-MO  O  *3O'0» 

H-o)33Mwo30'di-'a*<o3oi  h-h-k;  c 
O  ►(ap-K-rr'd  ffrrjB'd  OJrrM'd  <*0  P>*d  3 
•d(DHH'CHWH{H*rT0irr£j'O3*OOM0)<Q 

H-3N>»0»(D3WOW3'fl>tttB0»0>0i0}3'0» 


(D  n 


ac  o  o 

p,  *  - 


??9E*l?!!?29???.2®w>r^.  g'g’ 


H  3  O  rt  •< 

H-  rf  O  VC  3 

£L  3*  t-  M  (» 

H-  O  0»  D*  O 

3  'O  <  3  rr 

3  rr  p  rr  H- 


3 

ft  P  t-* 
3*  3  O 
p-  rr  *0 
O-  3*  m 


ro 

H  VC  n 
p-  »-•  p 
P  M  rr 
3  3  0 
rr  3  rr 
3-  <Q  rt 
C  P'  O 


_rrl  ppoolx^^ 
P  p-d*0  i-'P'033® 
300rr»-3P*®3*3 
P3'«00rra300 
rro  0*0  3  3'p-O'03 
3**OPrTroow3i-p* 
p-  p  TO  p*  p*  <Q  p*  ro  ®  p 
p*rrH*MP»0  TO  PC  Q 


QOOOOtDOOOOOOOOOOOOOOOQOinOOOOOOOOOOOOOOOOOOOOOOOO 

POOOOQOOOCDOOOOOOQOOOOQOOQOOOOOQOOOOOOOOOOOOOOOOO 

ppppppppQoppooooooooooooooooooooooooooooooooonoo 

^>^>>^^i!>>>>>>>>>>>>>>>>>>>>>>>>>^>>>>>>^>>>>>>> 

ooooooooooooooonoooooooooononnonooooooooooonoono 

QOCiOOOOaOOQOOaOCiCiOQOOOOQOOQOQCiOCiOOOOOOCiCiOCiOOOOCiCi 

OOOOOOOOOOOOOOClOOOOQOOOOOClOOOOOOOOOOOOOOOOOOOOOO 


O  (D 

n  o 
>  > 
o  o 
o  o 
>  > 
o  n 
o  o 

o  o 
o  o 

^ 
o  o 

o  o 
o  o 

I  I 
>  > 
o  a 
n  o 


o 

(D 

o 

Q 

O 

o 

O 

n 

O 

<D 

CD 

O 

CD 

CD 

CD 

CD 

CD 

O 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

8 

O 

O 

Q 

CD 

CD 

CD 

O 

(D 

CD 

O 

CD 

CD 

CD 

CD 

(D 

CD 

o 

o 

o 

o 

O 

o 

O 

Q 

CD 

O 

(D 

CD 

CD 

CD 

Q 

CD 

O 

CD 

CD 

CD 

O 

O 

CD 

Ct 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

O 

CD 

CD 

O 

CD 

CD 

O 

CD 

CD 

o 

(n 

o 

o 

a 

o 

O 

Q 

O 

O 

CD 

CD 

CD 

CD 

(D 

(D 

CD 

O 

CD 

CD 

CD 

CD 

O 

8 

O 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

O 

O 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

o 

o 

o 

o 

r> 

o 

o 

O 

O 

O 

O 

O 

O 

CD 

O 

O 

O 

O 

O 

O 

O 

n 

CD 

O 

CD 

O 

O 

O 

CD 

n 

O 

O 

O 

O 

O 

O 

O 

O 

CD 

O 

O 

O 

> 

> 

> 

> 

> 

> 

> 

> 

5! 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

o 

o 

o 

n 

o 

o 

o 

O 

CD 

O 

O 

CD 

CD 

O 

n 

O 

CD 

O 

CD 

O 

CD 

CD 

CD 

O 

CD 

O 

O 

n 

O 

O 

o 

o 

O 

O 

O 

o 

CD 

O 

O 

O 

O 

n 

CD 

o 

o 

o 

o 

o 

n 

o 

o 

(D 

n 

o 

O 

O 

o 

o 

o 

O 

o 

O 

O 

O 

CD 

O 

O 

O 

o 

CD 

CD 

O 

O 

o 

CD 

CD 

O 

O 

o 

O 

O 

o 

O 

CD 

o 

CD 

> 

> 

> 

> 

> 

> 

5! 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

o 

o 

o 

n 

o 

n 

o 

n 

O 

o 

o 

o 

o 

o 

o 

o 

n 

o 

O 

CD 

O 

CD 

O 

o 

O 

o 

CD 

o 

o 

O 

n 

o 

CD 

CD 

O 

o 

CD 

o 

o 

O 

n 

o 

O 

o 

o 

o 

n 

o 

o 

o 

o 

O 

CD 

o 

o 

o 

o 

o 

o 

o 

o 

CD 

CD 

o 

CD 

o 

o 

o 

o 

O 

o 

o 

O 

CD 

o 

CD 

> 

CD 

CD 

O 

o 

o 

O 

n 

CD 

CD 

> 

> 

> 

> 

> 

5: 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

o 

o 

o 

o 

o 

o 

(D 

(D 

CD 

CD 

o 

(D 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

(D 

CD 

CD 

o 

CD 

(D 

CD 

O 

CD 

CD 

o 

CD 

CD 

CD 

CD 

o 

CD 

CD 

o 

o 

o 

o 

o 

Q 

O 

CD 

9 

CD 

CD 

CD 

CD 

O 

O 

o 

(D 

CD 

CD 

CD 

O 

CD 

O 

O 

O 

O 

o 

CD 

O 

CD 

CD 

O 

O 

CD 

CD 

O 

CD 

O 

O 

o 

CD 

CD 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

o 

o 

Q 

o 

o 

o 

CD 

O 

CD 

Q 

CD 

O 

O 

CD 

CD 

CD 

Q 

CD 

CD 

CD 

O 

O 

O 

CD 

CD 

CD 

O 

o 

O 

CD 

CD 

o 

CD 

CD 

O 

CD 

CD 

o 

O 

CD 

CD 

O 

►3 

H 

►3 

►3 

H 

*3 

H 

•3 

►3 

H 

»3 

H 

•3 

•3 

►3 

►3 

►3 

•3 

*3 

►3 

►3 

►3 

H 

*3 

*3 

»3 

►3 

*3 

►3 

►3 

►3 

•3 

»3 

«3 

•3 

♦3 

►3 

o 

o 

o 

o 

o 

O 

(D 

o 

CD 

CD 

CD 

CD 

CD 

O 

CD 

Q 

CD 

? 

CD 

8 

CD 

CD 

CD 

O 

CD 

O 

O 

CD 

CD 

CD 

(D 

CD 

(D 

CD 

O 

CD 

O 

CD 

CD 

CD 

CD 

CD 

j 

j 

1 

o 

o 

Q 

o 

O 

o 

CD 

O 

CD 

CD 

CD 

O 

CD 

o 

CD 

CD 

(D 

CD 

Q 

O 

CD 

CD 

Q 

O 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

O 

O 

o 

O 

CD 

O 

> 

> 

> 

j 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

CD 

> 

> 

> 

53 

> 

a 

o 

s 

O 

o 

(D 

CD 

O 

O 

O 

O 

O 

O 

CD 

CD 

O 

CD 

O 

CD 

(D 

CD 

CD 

O 

CD 

O 

O 

O 

CD 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

o 

o 

o 

1 

o 

o 

O 

(D 

’ 

• 

• 

' 

1 

O 

O 

o 

O 

O 

O 

O 

CD 

O 

O 

CD 

CD 

O 

O 

O 

a 

O 

CD 

O 

O 

O 

O 

O 

O 

O 

O 

O 

« 

o 

o 

n 

o 

o 

o 

o 

O 

CD 

1 

t 

1 

1 

1 

O 

CD 

o 

CD 

O 

CD 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

CD 

O 

CD 

O 

CD 

O 

O 

O 

O 

O 

, 

CD 

, 

H 

H 

•3 

♦3 

•3 

►3 

►3 

►3 

►3 

►3 

•3 

•3 

►3 

•3 

•3 

•3 

►3 

H 

»3 

*3 

H 

►3 

•3 

•3 

►3 

♦3 

v3 

►3 

►3 

►3 

•3 

•3 

*3 

►3 

Z 

o 

o 

o 

O 

o 

Q 

O 

O 

O 

(D 

Q 

CD 

O 

O 

CD 

CD 

(D 

CD 

CD 

CD 

CD 

Q 

CD 

CD 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

> 

CD 

o 

o 

n 

O 

n 

O 

O 

CD 

O 

n 

O 

O 

O 

O 

CD 

O 

CD 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

CD 

O 

O 

O 

O 

O 

O 

o 

o 

o 

(3 

a 

O 

a 

CD 

O 

O 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

CD 

O 

CD 

CD 

CD 

CD 

o 

Q 

(3 

o 

O 

CD 

CD 

(D 

CD 

o 

S 

Q 

CD 

O 

CD 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

O 

CD 

CD 

CD 

(D 

CD 

CD 

(D 

CD 

CD 

CD 

CD 

CD 

CD 

O 

CD 

a 

CD 

CD 

o 

O 

H 

n 

o 

O 

O 

O 

o 

O 

O 

O 

CD 

O 

O 

O 

O 

CD 

O 

O 

O 

O 

O 

O 

CD 

CD 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

►3 

H 

•3 

*3 

H 

•3 

►3 

^3 

•3 

•3 

•3 

►3 

►3 

•3 

•3 

•3 

*3 

H 

►3 

►3 

•3 

*3 

►3 

•3 

•3 

*3 

*3 

»3 

*3 

^3 

►3 

*3 

•3 

*3 

•3 

•3 

►3 

•3 

H 

j-3 

►3 

•3 

►3 

H 

•3 

►3 

»3 

•3 

•3 

•3 

►3 

•3 

»3 

•3 

►3 

»3 

►3 

•3 

•3 

►3 

•3 

•3 

•3 

►3 

•3 

•3 

>3 

»3 

*3 

►3 

•3 

•3 

•3 

*3 

►3 

►3 

I  O  I 
>  >  > 
O  (  Ci 

O  I  o 

I  I  o 
H  H 
O  O  Q 


*-3  H 


O 

> 

O 

> 

O 

O 

O 

n 

CD  < 

5!  • 

D 

> 

O  ( 
^  • 

D 

> 

O 

> 

O 

O 

> 

CD 

> 

O 

> 

CD 

> 

O 

>■ 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

(D 

> 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

CD 

> 

O 

5^ 

n  ( 
>  : 

D 

> 

O 

> 

O 

S’* 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

O 

> 

CD 

> 

O 

> 

O 

> 

o 

O 

o 

O 

n 

o  c 

D 

n  c 

D 

CD 

o 

n 

O 

O 

O 

n 

O 

o 

O 

O 

O 

o 

O 

O 

CD 

O 

O 

n 

CD 

O 

n 

n 

o 

O  ( 

D 

O 

o 

O 

O 

O 

O 

n 

O 

O 

CD 

o 

n 

(D 

CD 

CD 

CD 

O 

CD 

CD  C 

D 

CD  ( 

D 

CD 

o 

CD 

CD 

CD 

CD 

o 

o 

o 

CD 

CD 

CD 

CD 

CD 

(D 

O 

ID 

CD 

CD 

CD 

CD 

o 

o 

CD 

CD  ( 

D 

CD 

CD 

CD 

8 

CD 

8 

CD 

8 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  C 

D 

CD  C 

D 

CD 

o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

Q 

CD 

O 

CD 

CD 

CD 

8 

CD 

CD 

CD 

(D 

CD 

CD 

O 

CD  i 

D 

CD 

CD 

CD 

CD 

o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

C5 

D 

CD  C 

D 

CD 

CD 

o 

CD 

CD 

CD 

CD 

O 

O 

CD 

O 

O 

CD 

CD 

CD 

8 

g 

CD 

CD 

CD 

CD 

o 

CD 

O  < 

n 

> 

> 

CD 

CD 

CD 

Q 

i 

CD 

CD 

ID 

CD 

CD 

8 

CD 

1 

1 

i 

p 

1 

1  * 

> 

> 

1  i 

P 

P 

CD 

o 

O 

CD 

O 

O 

CD 

O 

O 

ID 

CD 

CD 

o 

CD 

p 

CD 

1  ' 

p 

CD 

p 

Q 

1 

CD 

O 

O 

o 

O 

1 

O 

n 

o 

(D  C 

> 

D 

o  ! 
o  c 

P 

D 

O 

o 

O 

n 

O 

CD 

O 

CD 

O 

O 

O 

O 

O 

O 

n 

h 

O 

n 

O 

n 

n 

O 

O 

o 

O 

O  i 

p 

D 

n 

O 

O 

O 

n 

O 

o 

O 

O 

O 

n 

o 

H 

•3 

•3 

H 

•3 

H  • 

3 

►3  • 

3 

►3 

•3 

►3 

H 

►3 

►3 

*3 

H 

^3 

►3 

•3 

*3 

•3 

*3 

►3 

►3 

•3 

»3 

H 

•3 

H 

H 

•3 

►3 

►3  1 

3 

•3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

O 

CD 

n 

O 

O 

o 

CD  O 

•3  O 

CD 

O 

O 

O 

O 

O 

CD 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

o 

O 

O 

O 

o 

O 

n  o 

O 

n 

O 

O 

o 

CD 

O 

CD 

O 

CD 

CD 

O 

> 

> 

> 

> 

> 

> 

> 

J' 

> 

P 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

3=* 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

S’* 

O 

CD 

o 

CD 

CD 

o 

O  O 

o  o 

O 

O 

o 

O 

n 

O 

O 

o 

O 

o 

n 

CD 

o 

O 

n 

O 

o 

O 

o 

CD 

n 

O 

CD 

O 

n  o 

o 

O 

CD 

O 

o 

O 

O 

CD 

n 

CD 

n 

CD 

O 

O 

o 

O 

O 

o 

O  O 

O  CD 

O 

o 

o 

O 

n 

O 

CD 

o 

O 

o 

O 

O 

o 

n 

o 

CD 

CD 

o 

o 

O 

O 

n 

O 

O 

O  CD 

o 

O 

O 

o 

o 

O 

O 

O 

o 

CD 

o 

O 

> 

> 

> 

> 

> 

> 

>  : 

> 

>  : 

P 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  ! 

P 

> 

> 

> 

5>' 

> 

> 

> 

> 

> 

> 

> 

> 

CD 

O 

o 

CD 

CD 

CD 

CD  CD 

o  c 

D 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

o 

o 

CD 

CD 

CD 

o 

o 

o 

CD 

o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  ( 

Ct 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

O 

CD 

O 

CD 

o 

CD  CD 

Q  C 

D 

O 

O 

CD 

O 

O 

CD 

Q 

o 

o 

O 

CD 

CD 

o 

o 

CD 

CD 

o 

CD 

CD 

O 

CD 

CD 

CD 

O 

O  ( 

0 

CD 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

CD 

►3 

►3 

H 

►3 

H 

•3 

•3  ' 

3 

H  * 

3 

H 

►3 

►3 

►3 

*3 

H 

•3 

►3 

*3 

♦3 

H 

►3 

►3 

►3 

»3 

►3 

*3 

►3 

•3 

•3 

►3 

H 

►3  ' 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

O 

O 

o 

O 

O 

O 

O  O 

O  O 

O 

O 

o 

O 

O 

O 

O 

O 

o 

CD 

CD 

n 

CD 

o 

o 

O 

o 

O 

O 

O 

O 

o 

O 

O 

O  ( 

D 

O 

n 

O 

O 

O 

O 

n 

O 

O 

O 

O 

O 

O 

CD 

o 

O 

CD 

O 

CD  O 

o  o 

O 

O 

CD 

O 

O 

O 

O 

CD 

o 

O 

O 

o 

O 

o 

o 

O 

o 

O 

O 

O 

O 

o 

O 

O 

o  r) 

O 

o 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

> 

> 

(D 

> 

> 

> 

>  : 

> 

>  : 

P 

> 

> 

> 

> 

> 

> 

> 

> 

CD 

> 

> 

> 

> 

> 

> 

> 

> 

> 

CD 

> 

> 

> 

> 

> 

>  ( 

D 

> 

> 

> 

> 

> 

> 

> 

> 

CD 

> 

> 

> 

O 

CD 

CD 

CD 

O 

CD 

CD  (D 

CD  CD 

o 

CD 

CD 

o 

CD 

CD 

CD 

O 

CD 

CD 

CD 

o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

o 

CD 

CD 

CD 

CD  ( 

D 

CD 

CD 

CD 

CD 

O 

CD 

CD 

o 

CD 

CD 

CD 

CD 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

P 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

O 

n 

O 

O 

o 

O 

o  < 

D 

o  o 

o 

O 

o 

o 

O 

O 

O 

CD 

o 

O 

O 

o 

O 

o 

o 

O 

o 

O 

o 

O 

o 

o 

O 

CD 

o  o 

CD 

O 

O 

CD 

o 

CD 

o 

o 

CD 

CD 

CD 

n 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

P 

> 

> 

CD 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

3- 

5=* 

> 

> 

> 

> 

> 

> 

> 

>  : 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

►3 

•3 

►3 

•3 

►3 

*3  ■ 

3 

3 

•3 

►3 

►3 

►3 

•3 

•3 

►3 

H 

H 

•3 

•3 

►3 

•3 

►3 

•3 

•3 

►3 

►3 

►3 

•3 

►3  1 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

> 

> 

8 

> 

> 

> 

> 

> 

P 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

CD 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

CD 

> 

>  ( 

D 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

CD 

O 

O 

CD 

o 

CD  o 

O  CD 

CD 

CD 

CD 

CD 

O 

O 

CD 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

CD 

CD  CD 

O 

CD 

CD 

CD 

O 

O 

CD 

CD 

O 

CD 

CD 

CD 

•3 

►3 

►3 

H 

CD 

CD  • 

3 

►3  • 

3 

O 

►3 

CD 

•3 

«3 

►3 

•3 

»3 

•3 

O 

•3 

►3 

►3 

CD 

n 

O 

CD 

*3 

►3 

H  ( 

D 

3 

3 

CD 

3 

3 

3 

3 

3 

3 

CD 

O 

CD 

O 

> 

CD 

> 

CD 

> 

?■ 

CD 

> 

gsgggsgg 

gg 

O 

> 

ggg 

gggggggggg 

CD 

O 

O 

O 

CD 

o 

CD  CD 

O  C 

D 

O 

CD 

CD 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

8 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

8 

CD 

CD 

8 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O  CD 

O  CD 

Q 

Q 

O 

O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

O 

CD 

CD 

CD 

O 

CD  CD 

O 

O 

CD 

CD 

O 

CD 

O 

O 

O 

CD 

> 

> 

> 

> 

> 

> 

>  : 

> 

>  : 

P 

> 

> 

> 

> 

5=* 

> 

> 

5=* 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  ! 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

»3 

►3 

►3 

•3 

H 

►3  • 

3 

►3  • 

3 

►3 

•3 

►3 

►3 

•3 

►3 

H 

H 

*3 

•3 

►3 

•3 

»3 

•3 

•3 

►3 

»3 

►3 

»3 

•3 

►3 

►3 

*3  < 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

•3 

»3 

►3 

►3 

*3 

•3 

►3  • 

3 

3 

•3 

►3 

►3 

•3 

►3 

•3 

►3 

*3 

•3 

•3 

•3 

►3 

>3 

♦3 

*3 

►3 

►3 

►3 

*3 

•3 

*3 

►3 

»3  ' 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

194 


►6 

►9 

W 

S 

a 

►9 

S 

> 

fi 

> 

n 

W 

S 

> 

SC 

n 

O 

N 

O 

W 

U 

n 

*K} 

O 

K 

to 

Z 

T) 

m 

> 

>  > 

H 

(I) 

3 

a 

y 

C 

5* 

M  *3 

3 

M* 

3 

•0 

p* 

to 

» 

(D 

0 

{i> 

O 

O 

(t> 

3 

(B 

(& 

S' 

n> 

O 

ft  ! 

P 

(D 

fi 

fp 

h  b 

H* 

M* 

H 

I-' 

n> 

n 

W 

S3 

Jr 

tr 

H* 

0  H* 

rr 

rr 

m 

Ul 

rr 

c 

H 

rr 

rr 

fli 

»-* 

o 

H 

0> 

n 

p) 

P 

p 

P 

P 

P* 

rr 

O 

M 

P) 

•d 

3 

rr 

(D 

O 

*d 

(D 

W 

v> 

=! 

H* 

O 

(D 

fl) 

(i) 

N 

2 

p* 

H 

p- 

o 

0 

»0 

tr 

fii 

S' 

•’I 

3 

o 

rr 

•< 

3 

P- 

p* 

(B 

p. 

P* 

p) 

3 

O 

o 

rr 

9 

3 

p* 

ff» 

S' 

B 

tr 

(D 

ft 

n 

ro  <Q 

H- 

(u 

3 

3 

M 

u 

o 

3  O 

•d 

H-  '0 

‘< 

o 

3 

«> 

p* 

p* 

S 

C 

p* 

rr 

fi 

•< 

3 

rr 

IB 

p* 

N 

p) 

P* 

rr 

P> 

S' 

a- 

O 

o 

rr 

Oi 

B 

f> 

o 

o 

tb 

H* 

(D 

M- 

o 

a 

H- 

l-» 

rr  *0 

»  rr 

fl) 

•o 

0) 

rr 

(A 

TJ 

< 

■o 

3 

•3 

3 

a 

S' 

p* 

p* 

0) 

S' 

3 

O 

O 

3 

P) 

0 

rr 

o 

(1) 

•d 

3 

S' 

p* 

o 

•d 

3 

•0 

t» 

h-* 

•d 

3 

(D 

n 

*-• 

3 

H 

CQ 

H- 

rr 

rr 

S' 

o 

S' 

O 

0 

r^ 

<U 

p* 

o 

11) 

b) 

O 

P- 

rr  « 

(B 

rr 

3 

rr 

S'  *3 

P 

rr 

(D 

O 

« 

3 

p* 

H- 

h- 

jy 

O 

O 

w 

c 

O 

I-* 

I-* 

H-  w 

bi 

rr 

3* 

o 

3 

p* 

3 

p 

O 

rr 

p* 

c 

•d 

< 

3 

rr 

a 

S' 

(n 

3 

S' 

P 

p- 

(B 

w 

p* 

P>  <Q 

p* 

(P 

n> 

H' 

0> 

fi) 

O 

tJ 

1— 

a 

to 

Si> 

(D 

3 

(n  Ci 

m 

S' 

<& 

iu 

0) 

(3i 

fii 

0) 

S' 

0» 

3 

rr 

Q» 

rr 

p- 

p* 

o 

<B 

rr 

C 

p' 

o 

p* 

rr 

p- 

pi 

9 

O 

tn 

p* 

c 

Ci 

o 

O 

O 

Q 

Ci 

Ci 

Ci 

o 

9 

Ci 

o 

O  Ci 

Ci 

o 

Ci 

Ci 

Ci 

o 

O 

o 

Ci 

O 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

O 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

O 

Q 

Z 

O 

O 

Ci 

Ci 

> 

> 

> 

> 

> 

> 

> 

> 

H 

> 

^  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

n 

O 

a 

O 

o 

(i 

(J 

a 

o 

fi 

(i 

fi 

o 

fi  o 

fi 

fi 

o 

fi 

fi 

Ci 

O 

fi 

f  i 

O 

f  i 

fi 

O 

o 

f  1 

(i 

f  i 

fi 

fi 

fi 

o 

fi 

o 

O 

O 

o 

O 

O 

o 

O 

n 

o 

Ci 

•£! 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>• 

o 

o 

9 

O 

C) 

o 

a 

Ci 

Ci 

bi 

bi 

Ci 

Ci  O 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

O 

Ci 

bi 

Ci 

bi 

Ci 

o 

Ci 

O 

Ci 

Ci 

Q 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Q 

o 

> 

> 

> 

> 

Ci 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

H 

•9 

h3 

►9 

H 

•9 

H 

*9 

•9 

H 

H 

►9  *3 

H 

H 

H 

H 

*9 

H 

►9 

pj 

H 

H 

H 

H 

H 

►9 

H 

H 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

H 

H 

o 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

♦9  *9 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•9 

H 

H 

H 

H 

H 

H 

9 

9 

O 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

b) 

<,i 

C> 

C> 

b) 

bi 

bi 

Ci 

bi 

b) 

Ci 

Ci  Ci 

Ci 

Ci 

Ci 

bi 

O 

Ci 

bi 

bi 

Ci 

bi 

Ci 

bi 

bi 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Z 

Ci 

Ci 

Ci 

Ci 

> 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

tx 

o 

9 

O 

b) 

Ci 

bi 

bi 

bi 

bi 

Q 

Ci  Ci 

Ci 

Ci 

Ci 

•9 

Ci 

bi 

Ci 

Ci 

bi 

Ci 

Ci 

o 

Ci 

bi 

bi 

bi 

bi 

Ci 

Ci 

Ci 

o 

Ci 

Q 

Q 

Ci 

Ci 

Ci 

O 

z 

Ci 

O 

o 

Ci 

> 

> 

> 

5! 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

O 

o 

o 

O 

O 

o 

Ci 

Ci 

bi 

bi 

Ci 

bi 

bi 

Ci  a 

Ci 

bi 

Ci 

bi 

Ci 

Ci 

Ci 

o 

Q 

Ci 

bi 

Ci 

Ci 

bi 

Ci 

bi 

bi 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

O 

Q 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

O 

o 

o 

n 

O 

o 

n 

n 

n 

o 

o 

o 

o 

o  o 

n 

fi 

o 

n 

n 

n 

n 

o 

n 

o 

o 

o 

n 

n 

n 

n 

o 

o 

n 

o 

o 

n 

fi 

fi 

o 

n 

fi 

n 

n 

n 

n 

fi 

H 

H 

H 

H 

a 

H 

H 

H 

H 

H 

Ci 

H 

►9  *9 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•9 

H 

H 

H 

H 

H 

9 

9 

9 

o 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

() 

(> 

() 

O 

a 

() 

() 

fi 

fi 

fi 

fi 

fi 

O  O 

f) 

fi 

fi 

fi 

fi 

n 

fi 

fi 

fi 

fi 

n 

fi 

fi 

fi 

fi 

fi 

fi 

fi 

fi 

n 

fi 

O 

O 

O 

o 

o 

n 

n 

o 

o 

fi 

Ci 

fi 

H 

•9 

H 

H 

H 

H 

H 

•9 

H 

H 

Ci 

•9 

►9  »9 

H 

H 

H 

H 

H 

H 

•9 

H 

H 

H 

•9 

H 

H 

H 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•9 

•9 

H  H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•9 

*9 

H 

•9 

H 

H 

PI 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

H 

H 

H 

H 

H 

H 

►9 

H 

H 

H 

H 

bi 

H 

►9  *9 

H 

•9 

H 

H 

H 

H 

►9 

•3 

*9 

•9 

•9 

•9 

H 

p) 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

O 

O 

O 

O 

o 

O 

O 

O 

o 

O 

o 

O 

fi  O 

o 

o 

n 

n 

O 

o 

n 

O 

n 

O 

O 

O 

o 

n 

n 

o 

O 

O 

O 

n 

O 

O 

n 

O 

O 

o 

n 

n 

fi 

O 

o 

n 

fi 

H 

H 

H 

H 

•9 

H 

H 

H 

H 

H 

H 

H 

H 

H  *3 

H 

H 

H 

H 

•9 

H 

H 

*9 

•9 

H 

H 

H 

H 

•9 

H 

H 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

H 

H 

•9 

H 

H 

H 

H 

fi 

♦9 

H 

H 

H 

•9  *9 

H 

H 

H 

H 

H 

H 

H 

H 

•9 

H 

H 

•9 

H 

H 

H 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

bJ 

b^ 

9 

b> 

b) 

bi 

b) 

bi 

bi 

bi 

bi 

Ci  Ci 

bi 

Ci 

bi 

bi 

Ci 

bi 

bi 

bi 

Ci 

bi 

Ci 

bi 

bi 

bi 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

n 

Ci 

Z 

Ci 

Ci 

Ci 

Ci 

:> 

> 

> 

> 

> 

> 

55^ 

> 

>  > 

> 

52! 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

t* 

> 

►3 

•-3 

*9 

H 

•9 

►9 

•9 

H 

H 

•9 

H 

Ci 

•9 

►9  ^9 

»9 

H 

»9 

H 

H 

H 

H 

H 

•9 

•9 

*9 

H 

•9 

PI 

H 

pi 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

H 

<) 

H 

H 

•9 

H 

H 

*9 

H 

H 

H 

H 

H 

•9  >9 

•9 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•9 

H 

fi 

H 

H 

H 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

<  J 

O 

n 

Ci 

ri 

(> 

( i 

<) 

(i 

fi 

fi 

fi 

fi 

O  O 

fi 

fi 

fi 

n 

fi 

f ) 

fi 

fi 

fi 

f  i 

fi 

fi 

fi 

fi 

fi 

fi 

fi 

fi 

fi 

O 

O 

O 

O 

fi 

n 

n 

O 

n 

O 

O 

o 

O 

n 

M 

H 

►9 

1:^ 

H 

H 

H 

*9 

H 

H 

H 

H 

y-i 

H 

►9 

•3 

H 

H 

H 

H 

H 

H 

H 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

> 

> 

> 

> 

52! 

> 

52! 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

v 

H 

*9 

•9 

»9 

»9 

H 

H 

*9 

•9 

•9 

•9 

*9 

•9 

H  »9 

PI 

H 

►9 

*9 

►9 

H 

H 

H 

H 

H 

•9 

H 

H 

H 

H 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

bJ 

b> 

b^ 

b> 

b} 

b> 

Ci 

bi 

bi 

bi 

bi 

bi 

bi 

Q  Ci 

bi 

bi 

Ci 

f.i 

Ci 

bi 

bi 

bi 

Ci 

bi 

Ci 

bi 

bi 

bi 

Ci 

Ci 

Ci 

Ci 

9 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci  Ci 

Ci 

b} 

bi 

K  e 

b^ 

Ci 

bi 

bi 

bi 

bi 

Ci  Ci 

bi 

bi 

bi 

bi 

Ci 

bi 

9 

bi 

Ci 

©  Q 

bi 

bi 

9 

Ci 

Ci 

Ci 

(S 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

fi  fi 

bi 

bi 

o  o 

b^ 

Ci 

b) 

•9 

bi 

bi 

o  Ci 

bi 

bi 

bi 

bi 

Ci 

bi 

Ci 

bi 

bi 

Ci  Ci 

bi 

bi 

Ci 

bi 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

> 

Ci 

Ci 

Ci 

Ci 

fi 

fi 

H 

•9 

•9 

►3 

•9 

H 

H 

►9 

•9 

H 

H 

H 

•9 

•9  *9 

H 

H 

•9 

H 

•9 

H 

H 

H 

H 

►9 

H 

H 

*9 

•9 

H 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

O 

(.i 

bi 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

bi 

bi 

Ci  Ci 

Ci 

bi 

bi 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

bi 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Cl 

bi 

bi 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

fi 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

o 

Ci 

bi 

Ci  Ci 

Ci 

bi 

bi 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

bi 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

bi 

bi 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Q 

Ci 

fi 

fi 

*-9 

►a 

H 

•9 

H 

►9 

►9 

►9 

►9 

*3 

H 

►9  H 

*9 

H 

H 

H 

H 

•9 

►9 

►9 

H 

H 

H 

•9 

f3 

r9 

•9 

9 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

a 

o 

b) 

bi 

b^ 

Q 

Ci 

Ci 

Ci 

Ci 

Ci 

bi 

Q  O 

o 

bi 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

bi 

Ci 

Ci 

Ci 

Ci 

O 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

9 

O 

Ci 

fi 

Ci 

Q 

a 

o 

bl 

b^ 

b) 

O 

Ci 

Ci 

Ci 

Ci 

bi 

bi 

Ci  Ci 

O 

Ci 

Ci 

Ci 

Q 

Ci 

Ci 

Ci 

Ci 

bi 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

o 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci. 

Ci 

Cl 

Ci 

►9 

H 

•9 

»9 

H 

H 

•9 

»3 

•9 

H 

*9 

•9  h3 

H 

♦9 

*9 

^9 

►9 

►9 

•3 

H 

H 

•3 

•9 

•9 

•9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

o 

o 

Ci 

bi 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci  Ci 

Ci 

Ci 

Ci 

Q 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Q 

Ci 

Ci 

Ci 

Q 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

fi 

fi 

O 

o 

n 

(i 

(i 

O 

o 

o 

o 

o 

o 

o 

fi 

o  o 

o 

o 

o 

O 

o 

o 

o 

o 

fi 

f  i 

f  i 

o 

o 

o 

O 

o 

o 

o 

O 

n 

o 

o 

fi 

o 

o 

fi 

o 

o 

fi 

o 

o 

o 

fi 

> 

> 

‘■K 

> 

> 

> 

52! 

> 

52!  5; 

> 

> 

> 

52! 

> 

> 

52! 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

►3 

i3 

*9 

•9 

•9 

•9 

•9 

•9 

*9 

•9 

♦9 

•9 

»9  *9 

►9 

•9 

•9 

►9 

•9 

»9 

•9 

H 

H 

•9 

•9 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

O 

o 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci  Ci 

Ci 

Q 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

O 

bi 

bi 

O 

Ci 

D 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

9 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

fi 

fi 

(D 

O 

o 

Ci 

bJ 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci  Ci 

Ci 

Ci 

Ci 

Ci 

o 

o 

Ci 

Ci 

Ci 

bi 

bi 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

o 

z 

Ci 

Ci 

fi 

Ci 

O 

O 

o 

<i 

(i 

o 

o 

o 

o 

fi 

o 

o 

o 

o  fi 

o 

o 

fi 

o 

n 

o 

o 

o 

o 

(i 

f  i 

O 

o 

o 

o 

o 

o 

fi 

o 

o 

fi 

o 

o 

o 

fi 

o 

fi 

o 

o 

o 

O 

O 

fi 

O 

O 

o 

(i 

<i 

o 

o 

o 

o 

fi 

o 

o 

n 

o  o 

o 

o 

o 

fi 

o 

o 

fi 

o 

o 

fi 

fi 

fi 

o 

o 

o 

n 

n 

o 

o 

o 

fi 

fi 

n 

o 

o 

fi 

fi 

o 

o 

o 

O 

O 

O 

O 

O 

o 

9 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O  Ci 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

o 

Ci 

bi 

bi 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

fi 

fi 

H 

►9 

►9 

*9 

•9 

*9 

•9 

•9 

•9 

Ci 

►9 

♦9  *9 

•9 

►9 

►9 

H 

►9 

►9 

H 

H 

•9 

•9 

*9 

H 

►9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

H 

►9 

H 

H 

H 

*9 

h3 

♦9 

►9 

H 

H 

Ci 

•9 

H  *9 

•9 

•9 

•9 

*9 

►9 

•9 

►9 

►9 

►9 

•9 

H 

H 

•9 

•9 

•9 

►9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

O 

O 

(■3 

n 

O 

o 

O 

n 

o 

o 

o 

o 

o  o 

o 

fi 

fi 

fi 

o 

o 

fi 

o 

fi 

fi 

fi 

O 

o 

o 

O 

fi 

o 

O 

fi 

O 

o 

O 

fi 

fi 

n 

O 

fi 

o 

O 

O 

O 

O 

O 

H 

»9 

H 

H 

*9 

►9 

H 

►9 

H 

►9 

•9  »9 

*9 

H 

•9 

►9 

►9 

•9 

►9 

►9 

H 

H 

•9 

•9 

►9 

►9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

t9 

H 

H 

•9 

•9 

*9 

•9 

H 

►3  H 

►3 

►9 

»9 

H 

►9 

•9 

►9 

►9 

►9 

H 

H 

H 

r9 

•9 

•9 

t9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

> 

> 

> 

> 

> 

> 

> 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

V 

O 

O 

o 

O 

Ci 

Ci 

Ci 

o 

Ci  Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

O 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

fi 

fi 

•9 

H 

H 

*9 

>9 

►9 

•9 

•9 

«9 

H 

•9  H 

►9 

*3 

H 

•3 

•9 

•9 

»9 

►9 

»9 

H 

•9 

►9 

•9 

•9 

►9 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

*9 

H 

H 

H 

»9 

•9 

H 

•3 

•9 

►3 

*9 

H 

H  *9 

•9 

r9 

•9 

H 

•9 

H 

»3 

►9 

y^ 

H 

H 

►9 

<9 

•9 

•9 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

O 

O 

C> 

b) 

O 

Ci 

Ci 

n 

Ci 

fi 

Ci 

Q 

O  Ci 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Q 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

O 

Ci 

Ci 

Ci 

o 

o 

O 

Ci 

O 

o 

Ci 

o 

Ci 

O 

Ci 

Ci 

Ci  O 

Ci 

Ci 

o 

Ci 

Ci 

O 

Ci 

Ci 

o 

o 

Ci 

Ci 

Q 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Q 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

o 

Ci 

Q 

Ci 

o 

fi 

fi 

•9 

►9 

•9 

H 

►9 

►9 

►9 

•9 

►9 

►9 

•9 

^9 

•9  *9 

•9 

►9 

H 

►9 

•9 

•9 

►9 

H 

h3 

H 

•9 

►9 

►9 

«9 

•9 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

o 

O 

Ci 

b} 

Ci 

a 

Ci 

Ci 

o 

Ci 

Ci 

o 

Ci 

Ci  Q 

o 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Cl 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Cl 

fi 

fi 

o 

b:> 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci  Ci 

O 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

o 

O 

bi 

bi 

Ci 

O 

Ci 

O 

Ci 

Ci 

Q 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

> 

5! 

> 

> 

> 

> 

£ 

> 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

o 

(D 

C5 

b) 

O 

Ci 

Ci 

Ci 

> 

o 

Ci 

Ci 

Ci 

Ci  Q 

Ci 

o 

Ci 

o 

Ci 

Ci 

Q 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

O 

Ci 

Cl 

o 

o 

Ci 

Ci 

O 

Ci 

fi 

fi 

►9 

*9 

H 

H 

*9 

*9 

►9 

•9 

•9 

►9 

►9 

H  *9 

*9 

•9 

H 

•9 

►9 

H 

*9 

|3 

H 

H 

•3 

*9 

►9 

►9 

H 

9 

9 

9 

9 

fi 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

Q 

O 

Ci 

b) 

o 

Ci 

Ci 

Ci 

o 

o 

Ci 

Ci 

Ci  Ci 

Q 

Ci 

Ci 

Q 

o 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

>. 

> 

> 

> 

> 

> 

52! 

52! 

>  > 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

•9 

*3 

*9 

H 

»9 

»9 

►9 

H 

•9 

►9 

►9  H 

►9 

•3 

•9 

>9 

*9 

H 

•9 

*9 

»9 

H 

|9 

►9 

•9 

►9 

►9 

»9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

►3 

*9 

•9 

H 

H 

•9 

•9 

•9 

►9 

•9 

fi 

*9 

•9 

*3  13 

^3 

►9 

*9 

•9 

*9 

•9 

►9 

►9 

•9 

H 

H 

*9 

H 

►9 

•9 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

H 

H 

•9 

H 

H 

►9 

•9 

H 

•9 

»9 

H 

♦9 

•9  *9 

►9 

*9 

►9 

^9 

*9 

•9 

>9 

►9 

H 

H 

H 

•9 

H 

*9 

r9 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

O 

O 

b> 

b) 

O 

Q 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

O  Ci 

Ci 

Ci 

o 

Q 

Ci 

Ci 

Ci 

Ci 

O 

bi 

bi 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

Z 

O 

O 

fi 

fi 

H 

<9 

►9 

H 

H 

*9 

^9 

•9 

►9 

►3 

•9 

»9 

►9  *9 

H 

►9 

►9 

►9 

•9 

H 

►9 

H 

H 

H 

►9 

*9 

•9 

*3 

*9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

9 

9 

9 

O 

O 

O 

f) 

n 

n 

n 

O 

O 

fi 

O 

O 

O 

n  O 

O 

O 

o 

O 

fi 

O 

O 

o 

n 

fi 

fi 

O 

O 

fi 

O 

O 

fi 

fi 

fi 

O 

O 

O 

O 

O 

fi 

O 

O 

fi 

n 

O 

fi 

O 

fi 

►9 

•9 

H 

•9 

►9 

•3 

*9 

H9 

►3 

►3 

►9 

►9 

H  *9 

H 

•9 

►9 

•9 

H 

•9 

H 

»9 

H 

H 

H 

*3 

•9 

•9 

•9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

O 

O 

C) 

bl 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci  Ci 

Ci 

Q 

5?  9 

Ci 

Ci 

Ci 

Ci 

Ci 

bi 

bi 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Q 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

fi 

fi 

o 

O 

O 

b) 

Ci 

Ci 

Ci 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci  Ci 

O 

Ci 

Ci  Ci 

Ci 

Q 

Ci 

O 

Ci 

bi 

bi 

o 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

Ci 

O 

Ci 

Ci 

Ci 

Q 

Q 

Ci 

Ci 

O 

Ci 

Ci 

O 

fi 

fi 

H 

►9 

*9 

H 

H 

*9 

•9 

•9 

►9 

•9 

H 

H 

►9 

H 

H 

H 

H 

►9 

•9 

•9 

•9 

H 

H 

►9 

•3 

H 

H 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

•9 

H 

»9 

•9 

•9 

•3 

»3 

♦9 

^9  *9 

»9 

►9 

•9 

H 

•9 

►9 

►9 

*9 

H 

H 

►9 

•9 

►9 

►9 

•9 

9 

9 

9 

9 

O 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

195 


Trichopla  CCCTATCCTACTAAATAGTT  ACGTGTTCTAC-GGAACACG  CG . . AACTTC  TTAGAGGGACAATTG-GCGT  TT--AGCCAAAGTAAGT- 


tog;  o  w  _  _  .  .. _ _ 

3d3rM'dPH*&>op-(o  *-3  p»  a>on»o»oofl>30)(DCi'®orr|  »i(i)o 
^•►3  •“•(DPOPOD'D'H-OK-rTHfTCJWrT  CHrr 

*d(®w  P»gH-o(Da)j»MM0»H-PH*H'OO»d0'0>»‘*»iH3ortSJ^>^*»^0'p*p’P>3oorrM3 

fl)rToro‘QH*0)33i-'(n030'dH-'d‘<ogpjH-p-SCP-rfo‘<DrTjai-‘NOti-'<TiBtrioo<T 
CLH-K  ro  P-O  pap-Prr'O  Ortpi'O  rrw'O  <*dtB'd  3  Cl.D'PP'p)  Crp  oo  3  {WOcfO  (O'd  3  3* 

0»P'*dp3*0{D»1PCPwiiP*rr{»ff3'03'OOPO)ttJH-oO)0»OP*rr*Ofl>ft3rT3'*oiirrfl)0 


3:>XDONr>tt'30'ooa;wa»o®>tr'  >?>» 
a>on»o»oofl>DO)(D,3'®orrih(i)0{5>33 


p»po»»iti*<*ipp-t7'op'tu*o3aaj 
•<  3P*P’J1I  p.  H-jDg  o  O  rTM3  P'iD  3*g 
Drrjap-NOjp-fTtBCrioorrCbgoo 


OMP*0>0)P-wOrr3*o3  p-3POrrp-d'0<3  rrap^wS  3'iQHH'J»WP-P*(Q  h-(D(D0> 
toS»{»  rog  wowcr®  P>  P>  0»  tu  P>PJ  3*®  g  n-iwrrp-p*®  p>  tr  c  p'OP*rrH-p*H-ow  P^C  O 


o  n  n  o 
o  o  o  o 
►3  ►a  H 
H  1-3  H  H 

o  o  o  o 
o  o  n  o 
H  H  ^9 

o  o  o  o 
o  o  o  o 
H  *-3 


o  o  o  o 
noon 
H  H  H 
H  H  H  H 
o  o  o  o 
>  >  >  > 
o  o  o  o 
o  n  o  n 
H  H  •-B 

o  o  o  o 
o  n  o  o 
H  H  ►a 


o  o  n  o  o  o  o 

a  n  n  n  n  n  n 

^  ^  ^  ^  ^  ^  ^ 

H  H  H  ^3 

0  0  0  0  0  0  0 

o  o  o  o  o  o  o 

H  -3  ^3  H  >3  H 

o  o  o  o  o  o  o 

o  o  o  o  o  o  o 

•3  H  ^3  ^3  »3  ►a  *3 


ooooooooo 

lOOOOOOOOO 

H'3*3^3H*3^3H^3 

»3»3*3H*3*3^3^3^3 

ooooooooo 

ooooooooo 

►3HH^3*3^3H^3^3 

o  o  o  o  o  o  o  o  o 
ooooooooo 


o  o  o  o 
o  o  o  o 

►3  >3  H  *3 
H  H 

o  o  o  o 
o  o  o  o 
»3  ►3  H  *3 

o  o  o  o 
o  o  o  o 
H  t3  *3 


O  O  O  O 
O  O  O  O 
•3  ^3  H  H 
►3  H  ^3  ^3 

o  o  o  o 
o  o  o  o 
H  *3  H 

o  o  o  o 
o  o  o  o 
H  ^3  *3  *3 


>>>>>>>>>> 
o  o  o  o  o  o  o  o  o  o 

•30^30'300000 


000^3000000 

•30»30»30*3*3*3»3 

0000*300000 

oooo>ooooo 

•300i30*30^30> 

oooooooo>o 


o  o  o  >  o  o  o 

O  O  *3  O  O  H  H 

O  O  >3  O  H  >3  O 

»  I  O  >  O  H  O 

I  I  «  >  1  O  I 

I  I  1  H  «  O  I 

I  I  I  >3  I  I  t 


I  >  I  >  I  I  I 

>>>>>>> 
O  O  O  O  O  O  O 

►3  H  *3  *3  *3  *3  H 

►3  H  *3  *3  *3  *3  H 

O  O  O  O  O  O  O 


I•3^^3►3»3►3•^^^f9 

OOOOOOOOO 

l►3*3*3•3►3•3H•3►3 

*3*3*3*3»3H*30*3 

>>>>>>>>> 
OOOOOOOOO 
lOOOOOOOOO 
I  OOOOOOOO 
'OOOOOOOOO 

►3*3*3*3*3*3*3H'3 

OOOOOOOOO 

0000^30000 

OOOOOOOOO 

I  I  I  i  I  I  I  I  I 

OOOOOOOOO 

>>>>>>>>> 

♦3*3*3*3*3*3*3h*3 

*3*3H»3H*3*3»3H 

OOOOOOOOO 

OOOOOOOOO 

000*3*30*300 

OOOOOOOOO 


*3*3*3*3*3*3*3*3*3 

OOOOOOOOO 

O*3*3O*3O*3H0 


*3*3*3*3*3*3*3*3*3*3*3*3 

>>>>>>>>>>>> 

oooooooooooo 

»300*3000000*3>3 


O  >  >  O  > 

O  O  O  O  O 

O  O  Q  Q  Q 

O  O  O  O  O 

O  O  O  >  O 

t-3  *3 

O  O  O  *3  O 

O  O  O  *3  O 

O  O  O  O  O 

O  I  I  t  I 

*3  0  0  0  0 

•3  >  >  >  > 

O  *3  *3  >  *3 

O  H  *3  O  *3 

>  O  O  O  O 

>  O  O  >  O 

O  *3  *3  O  O 

O  O  O  O  O 


O  O  O  O  O 

•3  *3  *3  *3  *3 

O  O  O  O  O 

o  o  o  o  o 

*3  *3  O  O  *3 

O  >  *3  *3  O 


^  ^  ^  > 
o  o  o  o 

*3  *3  *3  *3 
*3  *3  *3  *3 
O  O  O  O 

*3  *3  *3  *3 
•3  *3  *3  *3 
>  >  >  > 
o  o  o  o 
>  >  >  > 
o  o  o  o 
o  o  o  o 
o  o  o  o 

o  o  o  o 
•3  *3  *3  *3 
O  O  O  O 
•3  *3  *3  *3 
*3  *3  *3  *3 

o  o  o  o 

tilt 

o  o  o  o 

*3  *3  *3  *3 
>  O  >  O 
H  *3  *3  *3 


O  O  O  O 
*3  *3  *3  O 
•3  O  O  *3 
>  O  O  > 


O  O  O  O  I 
•3  *3  H  *3  I 


o  o  o  o 
>  >  >  > 
o  o  o  o 
o  o  o  o 
o  o  o  o 
K  K  ^  ^ 

o  o  o  o 
♦3  *3  *3  *3 

o  o  o  o 

^3  *3  H  *3 
*3  *3  H  *3 
O  O  O  O 
I  O  O  « 

o  o  o  o 

*3  *3  *3  *3 
>  O  O  O 
*3  *3  H  *3 


I  O  O  O  O 

(  O  *3  O  *3 

I  *3  *3  *3  O 

’  >  O  >  O 


>>o>>>>> 

OOOOOOOO 

*3*3*3*3*3*3*3*3 

*3*3*3HH*3*3'3 

OOOOOOOO 

►3*3*3*3*3*3^3*3 
*3*3*3*3H*3H*3 
>>>>>>>> 
OOOOOOOO 
>>>>>>>> 
o  o  o  o  o  o  o  o 
o  O  o  o  o  o  o  o 
oooooOoo 
>>>>>>>> 
OOOOOOOO 
*3*3*3*3H*3*3*3 
OOOOOOOO 
*3*3*3*3H*3*3*3 
*3*30*3*3*3*3*3 
OOOOOOOO 

I  I  t  I  I  I  I  I 

OOOOOOOO 

*3*3*3*3*3*3H*3 

>00000*30 

*3*3*3*3*3*3*3*3 

0*3*3*3*3*3*30 

00*30*3*30*3 

I  I  I  t  I  I  I  I 

I  I  I  I  I  I  I  I 


o  o  o  o 

•3  *3  *3  *3 

H  *3  *3  *3 

o  o  o  o 

*3  *3  *3  *3 

*3  *3  *3  3 

>  >  >  > 

o  o  o  o 

>  >  >  > 

o  o  o  o 

O  O  O  o 

o  o  o  o 

>  >  >  > 

o  o  o  o 

*6  H  3  3 

’  o  o  o  o 

^  ^ 

3  3  3  3 

O  O  O  O 

till 

'  o  o  o  o 

I  *^  *3  3  3 

O  O  O  O 

I  >  3 

13  3  3  3 

10  0  3  3 

I  I  I  i 


o  o  o  o  o  o 
o  o  o  o  o  o 
o  o  o  >  o  > 
9  E 

O  3  3  >  3  > 

o  o  o  o  o  o 
O  O  O  I  0  3 

5  ^  > 

o  o  o  >  o  o 

3  3  3  0  3  0 

O  3  3  >  3  > 

3  3  3  >  3  I 

O  O  O  I  O  i 


O  O  O  O  O 
^  ^  ^  ^  ^ 
o  o  o  o  o 

O  O  O  Q  O 

o  o  o  o  > 
>  >  >  >  > 


196 


H-  H-  ►a  P  (b  R  O  3J  6*  O'  H-  O  H-  rr  H  fr  »  W  rr  c 

0'd®w  o>3h*®®®®n«p»i-hjh-i-«oo*oD‘ 

tr®ftOW(QH*Jl)33l-M03O'C5H-'0‘<O3fi>H' 
oan-k  ffi  H-o  »iaH-K-«rT'Oo>rrpj'Ott  rTwn3  <*0 
n3ai-'d^{3'O®^{h-'CtiwHH'rT0»rrtrotroo 
H-Mi-croowcoi-MweM'mOrTtro  3H-3h5 
p>®'a  M-3ioo>iJ»®gwows'ropj 


c»^w»5dw>o>  o  03  3:>3:onNOw*do*oo3:wz*oo3>tr» 

3ctr«-"03H-5n3H*cn  o>  antwoioottsorotr^ort-i  nmo® 

D'D'H-OH-rTHrr»wrr  C^9rr  rT0»i-'oRl»tiP«»i»l‘" 

®  ®NWpl  I—HJH-I-'O  0*OD*®  tJOfTkJS  H-  1^. 

MM  03  0^5  H-'0‘<  O  3  CH-rrOK  orrju  mn  Oi 


3  H-MO  H-Mp)3  n  OfTM3  M  ( 


j  Z  *0  03  >  tr*  >  > 

C  I  H  ®  O  O  >  3  3 

'*  cr  o  ^  (D 


MC  t1  w  HH'rT0»rr3*O  3*00nD»<Q  h-o 


DCL3'mm®3'3003»  Orro®'aD3'H-o'03 


®OH*rr'06>rr3<T^3''d»irr 


H*m  0^3*0  3  H-3t^O  rr  H-C'O  <  3  rrOiSr*®  3  ir  tQ  n  h-(b 
WOWS'®®  ®®®®®3'®3rt‘®rrH-M®®rTc:H-OH-rt 


5?5?5?QC^Q50<^C^<^C>OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  o  o  o  o  o  o  o  o  oooooooo  o  o  o 
nnoonooooooooooooooonnoooonooorionnoooooooooooooo 

nooooooonoooooooooooooooooooonooooooonooonoooooo 
>>^^>'^^^>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Q  Q  Q  ^  ^  ^  Q  Q  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  o  o  o  o  ooooooooo  o  o  o  o  o  o  o  o  o  o  o  o  o 
qoooooooooooooooooooooooooooooOooooooooooooooooo 

ooooonnoooooonooonoooooooooooooooooooooonnoonooo 

qOqOOQQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

29£?PP22£?S^c>qooooooooooooooooooooooooooooooooooooo 

>>*>>>>>>>>>>>>>>>>'>>>>>>>'>>>'>>>>>>>>>>>>>>>>>>>> 

qqoooqqooooooooooooOQOoooooooooooooooooooooooooo 

nooooonooooooooooooooorjoooonooooooooonoooonnnooo 

noooooooooooonnooonooonoonooonoooooooooonooonoon 

>^^^>^^>^^>^^^^^^>>>>>>>>>>^>>>>>>>>>>>>>>>>>>>> 

qqqooqqooooooooooooooooooooooooooooooooQOOOOOooo 

nooonooooonoonoooonnooooooooooooooooonnooooooooo 

qqooooQooooooooQooooooooooooooooooooooooooooQooo 
qqooooooooooooooooooooooooooooooooQooooooooooooo 
qqooooQQ>ooooooooooooooooooooooooooooooooooQoo  I  o 
oooooooonoooooooooooonoooooooooooooooooonoooooon 

ooooooooooonoooooonooonoonooonooooonorinoooooooon 

>qoO>Q>OOOOOOqOOOOOOOQOOOOOQOOOOOOOOOOOOOOOOOOOO 

^000^0^0^<^^<^<^^<^<^<^<^onrinnaciCiOonnciannnnncionnahnnnciri 

oonnooooonoooooooooooonooonooonoooohoonooboooono 

qqqooooooooooooooooooooooooooooooooooooooooooooo 

ooonooooonoonooooooooooooonooonoooooooooooonoooo 

oooooooooooooooooooooooooooooooooooooooooooooooo 

oooot^i^ooHOOOQoorinoooriooooooooonoooooooooonoonooo 


o  o  o  o  o 

>  >  >  o  > 
O  H  ►a  »-3  ^ 

o  o  o  o  o 

gJiggS: 

O  O  O  H  O 
o  H  n  >  n 
o  o  o  o  o 

>  >  >  >  > 
O  O  O  O  Q 
o  o  o  o  o 
o  o  o  o  o 
>  >  >  >  > 
o  o  o  o  o 

O  H  H  »g  H 
>  *^  >  >  > 
H  O  H  H 
O  H  >  O  > 
I  H  H  O 
I  I  O  >  O 
•  I  O  ^9  O 
I  I  I  H  I 


o  o  n  o 
o  o  o  o 
o  o  o  o 

K  K  ^ 
o  o  o  n 
o  o  o  o 
noon 
o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  o 
H  *9  H  ►e 
>  >  >  > 
noon 
>  >  >  > 
o  o  o  o 
•9  H  ^9  ^9 

o  o  o  o 
>  >  >  > 
o  o  o  o 


o  o  o  o  o  o  o  o  o  o 
>>>>>>>>>> 
«9'9*90»90»9*9»9H 

oooooooooo 

^^^^Hi9'9HHOOH 

noooooonno 


o  o  o  o  o 

>  >  >  >  > 

»9  H  >9  ^9  O 

O  O  O  O  > 

Q  *9  ^9  *9  *9 

O  O  O  O  O 


ggj;g|gggf:j:gg>S:j;£5: 

0000>0>000>00*0  0>0 


oooooooooo 
’  o  o  o  o  o  o  o  o  o  o 

oooooo>ooo 
i9^9HHH'9^900H 
ooonooonoo 
l^9H►9H^9•9^9►9H►9 
I  I  I  I  I  O  I  i  I  I 

I  I  I  I  I  (9  <  <  >  I 

I  I  I  i  I  I  I  I  I  I 


o  o  o  o  o 

^  ^  ^  s 

o  o  o  o  o 

H  H  >9  ^9  H 

•9  0  0  0  0 

O  <9  ^  *9  *9 

O  O  O  O  O 

►9  ^9  ^9  *9  *9 


O  O  O  *9  O 
>  >  >  >  > 
►9  *9  ^9  *9  *9 
O  O  O  O  O 
•9  H  *9  O  Q 
O  O  O  O  O 

S5:?S:S 

>  o  o  o  o 
o  o  o  o  o 

>  >  >  >  > 
o  o  o  o  o 

•9  19  ^9  ^9  >9 
0  0  0^90 
•9  *9  >9  O  O 
O  O  O  O  O 
•9  *9  *9  »9  ^9 

i  I  t  I  i 


o  o  o  o  o  o 
>>>>>> 
♦9  ^9  ^9  O  *9  ^9 

o  o  o  o  o  o 

O  O  O  ^  ^  *9 

o  o  o  o  o  o 

o  o  o  o  o  o 

o  o  o  o  o  o 

>>>>>> 
o  o  o  o  o  o 

•9  H  >9  »9  *9  *9 

O  O  H  O  O  O 

O  O  O  *9  *9  *9 

o  o  o  o  o  o 

•9  »9  *9  ^9  *9  H 

I  I  I  1  I  i 

I  I  I  I  I  I 

I  I  I  I  i  1 


O  O  O  O  I 
O  O  O  O 
•9  H  19  i9 
♦9  *9  ^9  ^9 
O  O  O  O 
O  >  O  O 
O  O  O  O 
O  O  O  O 

o  o  o  o 


o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  o 
^  o  o  ^ 

o  o  o  o 
o  o  o  o 

*9  O  H  H 

o  o  o  o 

*9  *9  H  H 
O  O  O  O 

o  o  o  o 


197 


H-  p*  H 
O  *0  (D  W 


ws  o  w  X  >  X  o  n 

n>3W  3C£r‘i-''d3H-&*TJH-W  i-a  o»  a>oo>o»o 

H  i-'fl)^^D50a'0'p-OH-rrHjrroi(orr  CHrt  fTjjjf>-*on 

(DW  0»3H*<i>fl)roo»NMp>H-tiH-i-'00*dD‘P)Cf'*>J»130rr‘< 
.  .  rrpw<QH*0»D3MTOO3O'dH-'0*<ogB>H*H-KCP'rtO*<:3 

o  (0  P-0  P  a.p-p'rr'o  0)  rroio  (»  rrw*o  <*0  iu'D  0  arrp*p'fi» 

'0»M'dpEJ'aropp‘CPMPP-rroifT£rotroopj»«3P-ooitto 
p'p'MD'O  OM  CO  p'P'fl)  a  p-m  Orrcro  3  P-0  PO  rtp-C'O  <0  rr 
O)P-{b(Un)*ap'3N>O)O;o3caC}nO'(l>fl)fi>0)O>O>0)O'P3rrai(TP- 


3:>xar>NnM‘Tjo*T3n3Cwz»otd>ir' 


ooooooooooo 

oonooooonon 

•a^aoooooooHH 

OOOGOOOOOOO 


a>oo>o»oo(DOo>®o'fl)OfT|  p(i>on>>oo 

fTOJp*op»ppppi<pp  p-croi-oi'OOfTo 
**JPOOrr‘<OP'P‘0>  P*MO»300rrp»OP*0>0'3 
CP-rtO*<0ft0»P*NjJiP^rrj»o*^oorrcL3OO 
0aO'P'Mfi»O'OOO00i  Orroo'OOO'P‘O'00 
iQ  p-poitfOP-rr'O  qirrOrTtr'OPrtOOWOMH- 
p-C'O  <  O  rr0>O*w  0  CTW  P  P-P»  W  p-*-*aa  p-®  ®  (U 
P  3rrprrp-p»®  p  rrC  P-O  h-ctp-P'MOWP'C  O 

o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 


ODOOOOOOO 

►9»a»a'a^a»-3HH^a 

HC>»a*aoo(DOH 

I  I  00000*3  I 


*3»3»a^a^a»aHH 

oooooooo 

»^K9H*3^a^a*3*3 

»3»a*3*3>a*3H*3 

0^3000000 

I  O  O  O  O  I  o  o 


•30000000 
I  »3  H  O  *3  ^  H  H 
OOOi  lOlO 


^3  H  >3  »3  *3  *3  *3 

O  O  O  O  O  O  O 

•3  >3  H  *3  <3  ^3  H 

•3  H  H  »3  *3  »3  H 

O  O  O  O  O  >  O 

^  >3  H  *3  H  3 

Q  O  p  O  O  O  O 


GG22G92GGGGGGGGGGGGGQGQ^12^Q^^^‘^’^*^<^"^^^^^”^^^ooooo 

H>H»-3«33*3>>>>>>0>>>>0>0>P'>>>>0>>>0>>00>>>>>>>>>0>> 

H^03»3»3*333*33^3»3333»33*3*3H»3*3*3*3333*3»3>3HH»3>3*3»3*3^*3»33*3*3*335353 

GQop*3ppoooooooooooooooooooooooooooooooo3>ooooooo 

SS9>?;^^^999999999995!|00oooooooooo>>o>ooooooooooooo 

•33'3»3*33»33H»3HOH*3»3»3^33*333*3H*3*33*3*3*3*3*3*3*3‘3*3»3*3*3*33*33»33*3*3'3'3 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

pQOpOqpOOOOOqOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

qpooopqoooooooooooooooopoooooooooooooooooooooooo 

GS9QG^!GQ^Q^QQGGGQ^<^f^<^^<^^^‘^<^^<^^<^‘^<^^^>oooooooooooo 

qqqqq>qqqoqqqqqpoqoooooooopoooooopooQooooopooooo 

qqqqooqooooooooooooooooooooooooooooooooooooooooo 

qqqqqoqqpopoooooooooooooooooooooQooooooooooooooo 

GGGP9GG9^9^9S9999C^c)Gooooooooaooooooooooo>ooooooo 

•33'3*3*3*3»33'3'33H3*3»3H‘3*3»3*3»3*3*33*3»3'333^3»3*3*3*3*3*3*3*3*3'3*3*3‘3»333*33 

^^^^CiOOOOpOOOOOQOCiaOOOOOOOCiOOaOOQOOOOOOQOOCiCiaoOO 

O*33OOHO3'3^3«30l^*3*303*3J33?3J3J35353l3!3Ol3J3J3J3*3HJ3»3l3J3J353HJ3!3J353l3!3l3 

GGGGGGGGG^^^t?!^^^<^^<^^^ooooooooooooooooooooooooooo 

*3*3*3»33*3*33*3»3*3»3»3*3*3333*3*3H*3*3hh»3HH3333*3*3‘33i3*33*3»3*3*3i3*3Hi3»3 

•3*3333^3*33*333*3*3»3*3*3*33»3»3HH*3»3*333333*3»3*3*3H*3»3»33»3H»3H3»3*33»3 

3^^33^:133:^3:1:111:1:13:^:1:1:1:13:113:1:13:1:13:1:1^:13^:1:1:1:1:1:1:1 

>>q>>>>0>3>*3>0*3»333>00>00*3>033'3H>OH>0330*3>'*3000033 

•3*3*3*3*3'333333*3*33*3*3333^*3*333^33*3*3333*3*3*3*333*3*3>33*3>3i-a«-j»^t-3 

oooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooonoooooooooooo 

•33H»3^3>3»3»3*3*3H3*3«3*3t33*33*3»3*3*3H33*33*3*33H'3*3'3*33»33*3*3»33»3333 

•3HH»3^3*3'3*3'3>3*3H3*33H*33»3«3*3>3H*3»333>33*3*3*3*33*3H3»3»33*3*3HH»3H*3H 

pppoopoooooooooooooooooooooooooooooooooooooooooo 

ooooooonoooooooooooooooooooooooooooooooooooooooo 

000000000000000000000000000000000000000000000000 

pqpppOOOOOOOOOOOOOOOOOOP'OOOOOOOOOOOOOOOOOOOOOOOO 

00000  o  000  o  o  o  ooooooooo  o  o^ooooOooo  o  o  o  o  o  o  o  o  o  o  o  00000 

•33*3»33»3'3»3'3»3*3*3*3*3*33»333*3*3*3*3*3*333*3»3'333»33*33*3'3*33*3*3*33'3*333 

•3H333H'3»3*3»3*3H»3^3^3«333'3HH*33H*3»33'3>3»3H»3*3H*3333»3HH^3*33H3»33 

ooooooooononooooonoooooooooonoonnnooonnonoonoooo 

ooooooooooooooooonoooooooooonooooooonnoonooooooo 

^^>>>>>>^^^>^>>>>>'^>>>>>>>>>>>>>>>>*^>>>>>>>>>>>> 
0000  o  o  o  0000  o  ooooooooo  o  0000000  o  o  o  o  o  o  00000  o  o  o  00000 


O  O  O  O  I 

0000 
o  o  o  o  < 

0000 
0000 

>  >  >  >  ; 

0000 

H  3  H  H 

0000 
>  >  >  > 

3  3  *3  H 

O  n  O  O 

0000 
o  n  o  o 

H  H  *3  H 

o  o  n  o 

0000 
o  o  n  o 

0000 

►3  3  »3  *3 

•3  3  ►a  *3 

0000 
>  >  >  > 

3  3  3  3 


OOOOOOOOO 

ooooooooo 

ooooo>ooo 

ooooooooo 

ooooooooo 

>>>>>>>>> 

ooooooooo 

333333333 

OOOOOOOOO 

333333333 

ooooooooo 

>>>>>>>>> 

ooooooooo 

ooooooooo 

333333333 

ooooooooo 

OOOOOOOOO 

ooooooooo 
000  o  00000 
1333333333 
1333333333 

lOOOOOOOOO 

1333333333 


198 


CO 


H  ^9 
K  H 
H-  H-  •-3 
o  73  (D  CO  flJ  3  - 
P'{0rrO03<QH-p» 
O  a  H-  *<  (D  H-  O 
'C30iH-73ii373(0 
I_ih*»~'D‘o  O  W  C 

p  p.  ju  jD  -  “  “ 


3W  3cSrH'733H-3*OH*CO 

(l>h(O?0&crp-OH*rTKrTjj>wrT  C»9rr 


a>saoNOW'oO'o03:ioz»d 


0)  NWfl)  0»0D'C 

3D  H-W  03073  h-73*<0  3ff  h*h*§  C 
aH-HJrr730)rrjM'O  0)rTtD73<'C30i73  3 
fiH*C  h{  wt^  H*rrju  rT3'0  3'00^{ 

_  -_._o»--i--'»aH-morr3‘o3H-3»^orTH- 
73H*3to0i0i»3WOW3'«>0>0»0>Jli0iJli3‘» 


(D  O  P»  0)  O  O  . 

rr  0)  t-*  O  01  h 
n30rr‘<3H- 
H-  rr  O  »<  3  rr  pi 

a  3*  H-  H-  0)  Df*  3 

p.  O  0i  0)  “ 

g  73  <  3 

3  (TO)  (T  H*  M 


0)  tl)  3*  . 

OiKHKJt^e^H-Cro 
MOif-H-OiSOOrr 
»-'N0)>-'(T0i3'^O 
^^0030100-00)73 
..  h-(t73  0)  n'30-3‘73  nrr 
o-clD'wD  3*«Q^<  h*p  wh- 

.  .  _  -  p.  Q  p.  rr  H-  h- 


tJtJ  >  r 

(0  O  0)  > 

H-  0)  73  3  .. 

M3  H-  ©  3*  3 

O  O-  a  3  O  O 

3  3*  H-  O  73  3 

©  O  W  3  »-•  H- 

M  (Q  H-  ©  ©  0) 

M  O  W  M  C  Q 


o  n 

o  o 

o  o 
n  n 
o  o 

H  ^9 

o  o 
o  n 
n  o 


o  o 

o  o 
>  > 
o  n 
n  o 
n  o 
o  o 
o  n 
o  o 
I  o 
►9  i-a 
I  o 
o  o 
o  o 

>  > 

n  o 

>  > 
o  n 


>  > 
o  n 
o  o 

•9  ^9 
o  n 
o  o 
n  n 
*9  *9 
O  C3 

o  n 
o  o 
n  n 
•9  *9 
*9  ►9 
•9  *9 
O  Cl 

t;!  1:3 
>  > 
o  n 

>  > 
o  o 
>  > 
o  o 
n  o 

O  Cl 
o  o 
o  o 
n  o 
Cl  Cl 
•9  *9 
o  o 
O  Cl 
o  o 

>  > 
O  fl 
•9  H 
>  > 
o  o 


*9  H 
>  > 
o  o 

Cl  o 
►9  *9 
O  O 

n  n 

o  o 

►9  *9 
Cl  Cl 
fl  o 
o  o 
o  n 

•9  *9 
•9  ^9 
»9  >9 
Cl  Cl 
*9  *9 
>  > 
O  O 

>  > 
O  O 
>  > 
o  o 
Cl  o 
O  Cl 

o  o 
o  o 
I  n 
O  Cl 
»9  *9 
o  o 
Cl  Cl 
o  o 
»9  ^ 
>  > 
n  o 
•9  *9 
>  > 
fl  o 


•9  ^9 
>  > 
o  o 
Cl  Cl 
•9  >9 
fl  O 
fl  O 
O  O 
H  <9 
Cl  Cl 
O  O 

n  o 
n  o 

•9  »9 
*9  *9 
•9  >9 
Cl  O 
►9  *9 

o  o 

>  > 

o  o 

K  S 

O  fl 

o  n 
Cl  Cl 
o  o 
n  o 
fl  o 
Cl  o 
»9  H 
O  fl 
Cl  Cl 
o  o 

>  > 
o  n 
*9  *9 

o  o 


•9  ^9  H 
>  >  > 
o  o  o 
Cl  Cl  o 
H  H  *9 

non 
o  o  o 
non 

•9  19  *9 
Cl  Cl  Cl 

non 

non 

non 

•9  *9  *9 
•9  ►9  *9 
►9  (9  *9 
Cl  Cl  o 
H  H  >9 
>  >  > 
non 

>  >  > 
non 
>  >  > 
non 
non 
Cl  Cl  Cl 
non 
non 
non 

O  O  Cl 
H  *9  >9 

non 

O  O  Cl 
non 
•9  ^  l9 
>  >  > 
non 
•9  *9  *9 
>  >  > 
non 


a  d  s 
>  >  > 
non 
Cl  Cl  o 
►6  *9  H 
Cl  o  n 
non 
non 
♦9  H  H 
O  Cl  Cl 
►9  0  0 

non 
non 
►9  *9  >9 
►9  »9  *9 
►9  *9  ^9 
O  Cl  Cl 
►9  ►S  *9 

K  ^  ^ 

non 


•9  H 


O  Cl 
►9  H 

o  n 


^3  H 
>  >  > 
non 
o  o  o 

•9  *9  *9 

non 

non 

non 

H  *9 
Cl  o  o 

non 
non 
non 
►9  ^9  19 
*9  H  *9 
►9  *9  *9 
O  Cl  Cl 

d  d  d 
^  ^  ^ 
non 


•9  *9  H  *9 
>  >  >  > 
noon 
O  Cl  Cl  Cl 
►9  *9  H  H 
noon 
noon 
noon 

H  H  ^9  *9 
Cl  Cl  Cl  Cl 

noon 
noon 
noon 
►9  >9  ^9  *9 
H  *9  >9  H 
►9  *9  H  *9 
Cl  Cl  Cl  o 
►9  *9  H  19 
>  >  >  > 
noon 


d  d 
>  > 
n  n 
Cl  Cl 
*9  *9 
n  n 
n  n 
n  n 
►9  H 
Cl  Cl 

n  n 


*9  ^9 
>  > 
n  n 

O  Cl 
*9  »9 

n  n 
n  o 
n  n 

•9  *9 
o  Cl 
n  o 
n  n 


Cl  Cl 
*9  *9 
>  > 
n  o 


d  d  d  d 
>  >  >  > 
noon 

Cl  Cl  O  Cl 
t9  ^9  *9  H 

noon 
noon 
noon 
•9  *9  *9  *9 
O  Cl  Cl  o 
noon 
noon 


n  n 

•9  »9 
•9  *9 
•9  <9 


Cl  Cl  Cl  Cl 

H  ^9  ^9  *9 

,  ,  >  >  >  > 

n  n  n  n  n  n 


>  >  >  > 

noon 

noon 
noon 
Cl  Cl  Cl  o 
noon 
noon 
noon 
Cl  Cl  Cl  Cl 
►9  H  H  H 

noon 
Cl  Cl  Cl  Cl 
noon 

d  d  d  d 
>  >  >  > 
''non 
d  d  d 
^  ^  ^ 
non 


>  >  >  > 
noon 
>  >  >  > 
noon 
noon 
Cl  Cl  Cl  cl 
n  o  o  n 
noon 
noon 
Cl  O  Cl  Cl 
•9  *9  *9  19 

noon 

Cl  Cl  Cl  Cl 
noon 

d  d  d  d 
>  >  > 
non 

d  d  d 

>  >  > 


n  n 
>  > 
n  o 
n  o 
Q  Cl 
o  n 
n  n 
n  n 
O  Cl 
•9  H 

n  n 
Cl  Cl 
n  n 

d  d 
>  > 
n  n 
d  d 
n  n 


>  > 
n  n 
>  > 
n  n 
n  n 
Cl  Cl 
n  n 
n  n 
n  n 
Q  S 

►9  ^9 
n  n 
Cl  Cl 
n  n 

d  d 
>  > 
n  n 
n  *9 

S 

n  o 


n  n 

s 

n  n 
o  n 
Cl  Cl 
n  n 
n  n 
o  n 
Cl  Cl 
•9  H 

n  n 
o  Q 
n  n 
*9  *9 
>  > 
o  n 


>  > 

n  n 

K  ^ 
n  n 
n  n 
Cl  Cl 
n  o 
n  n 
n  n 

Cl  o 
*9  *9 
n  n 
Cl  Cl 
n  n 
►9  ^9 

n  n 
*9  *9 
>  > 
n  n 


>  >  >  > 
noon 
>  >  >  > 
n  n  n  n 
n  n  n  n 
Cl  Cl  Cl  Cl 
noon 
noon 
noon 
O  Cl  Cl  Cl 
»9  *9  >9  <9 
noon 
O  Cl  Cl  Cl 
n  n  n  n 

H  H 
>  >  >  > 
noon 
*9  H  H  ^9 
>  >  >  > 
noon 


d  d 

^ 

n  o 
Cl  o 
H 
n  n 
n  n 
n  n 
•9  *9 
o  Cl 
n  n 
n  o 
n  o 

•9  (-3 

►9  ^9 
H  *9 
Cl  o 
►9  H 
>  > 
n  n 

>  > 
n  o 
>  > 
n  n 
n  n 

Cl  Cl 
n  n 
n  n 
n  n 

Cl  Cl 
•9  H 
n  n 

ss 

si 

n  n 
H  H 
>  > 
n  n 


♦9  *9  *9  *9 

noon 
Cl  Q  Q  Cl 
♦9  19  *9  <9 

n  n  n  n 
noon 
n  n  n  n 
H  *9  *9  H 
Cl  Cl  Cl  Cl 
noon 
noon 
noon 

H  H  >9  H 
►9  ^9  ►a  *9 
H  *9  ^9  ^9 
Cl  Cl  Cl  Cl 

>  >  >  > 
noon 


n  n 

n  n 
n  n 

Cl  Cl 


O  Cl 
n  n 
H  *9 

n  n 
►9  *9 
>  > 
n  n 


>  > 
n  n 
K 

n  n 
n  n 
Cl  Cl 
n  n 
n  o 
n  n 
Cl  Cl 
H  H 

n  n 

Cl  Cl 

n  n 

d  d 
d 


►9  *9  ^9 

non 
Q  Cl  Cl 
►9  H  H 
non 
non 
non 

►9  H  *9 
Cl  Cl  Cl 

non 

non 

non 

•9  *9  ►9 
►9  *9  >9 
•9  *9  ^9 
Cl  Cl  Cl 

d  d  d 
^  ^  ^ 
non 

non 
^  ^  K 

non 
non 
Cl  Cl  Cl 
non 
non 
non 
Cl  Cl  Cl 
•9  H  H 

non 
Cl  Cl  Cl 
non 
►9  >9  H 

S 

3 


d  d 
>  > 
n  n 
Cl  Cl 
►9  *9 

n  n 
n  n 
o  n 

►9  *9 
Cl  Cl 
n  n 
n  n 
n  n 

►9  19 
•9  i9 
H  «9 
Cl  Cl 
H  19 

n  n 

>  > 
n  n 

n  n 
n  o 
Cl  o 
n  n 
n  n 
n  n 
Cl  Cl 
►9  *9 

n  n 

Cl  Cl 
n  n 
►9  *9 
n  > 
n  n 
•9  *9 

o  n 


•9  *9 
>  > 
n  n 
9  9 

•9  *9 
n  n 
n  n 
o  n 

•9  ^9 
O  Cl 

n  n 


d  d  d  d 
>  >  >  > 
noon 

O  Cl  Cl  Cl 
►9  H  »9  *9 

noon 

noon 

noon 

►9  *9  ►9  H 
Cl  Cl  Cl  Cl 

noon 

noon 


o  o 

H  >9 
>  > 
n  n 


n  n 
n  n 
Cl  Cl 
n  o 
n  o 
n  n 

Cl  o 
•9  H 

n  n 

Cl  Cl 

n  n 


n  n 

►9  *9 
►9  H 
*9  ^9 


Cl  Cl  Cl  Cl 

d  d  d  d 
^  ^  ^  ^ 
noon 

>  >  >  > 
noon 
^  S 

noon 
noon 
Cl  Cl  Cl  o 
noon 
noon 
noon 
Cl  Cl  Cl  Cl 
►9  »9  H  H 
noon 

O  Cl  o  o 
noon 
•9  *9  ^9  *9 
>  >  >  > 
noon 

d  d  d  d 
>  >  >  > 
noon 


nnnnnnnnnonHnononnnnnnononnnnnnnnnnnnnononnnnonn 

nonnnnnnnnnnnonnnonnnnnnnnnnonnnnnonnonnnonnonnn 

Cl  Cl  Cl  Cl  cl  Cl  cl  cl  cl  cl  Cl  Cl  O  Cl  Cl  Cl  cl  Cl  Cl  Cl  O  Cl  Cl  ClOClClClOOClO  O  cl  cl  Cl  cl  Cl  O  O  Cl  Cl  Cl  Cl  Cl  Cl  Cl  Cl 

^9^0^^^^h3H^9v9h«9H'9H^9Hh3HH»9»9'9^9'9'9H^9^9i9*9H'9^9^9^9^9^9^9^9»9»9*9»9Hi9{9^9J9 
►^►^^►9»9»9H*9»9t9*9*9t9*9^9«9^9^9*9H'9^9>9t9i9HHt9'9»9^9*9H'9'9n»9*9'9»9Hi9*9H»9»9HH 
Cl  Cl  Cl  Cl  O  Cl  Cl  Cl  CICICICICICICICIOCI  O  Cl  Cl  Cl  Cl  Cl  O  cl  cl  ClClClClClClOClClClOClClClCl  O  Cl  Cl  Cl  Cl  Cl 


199 


3C  5'm’O  3  h-5  »0H-i 


tos  G»^»*»iw>n>  o  w  s>a:DOtsiow»ao»0O5:cn2:fdw>ir' 

ropto  3ctrM'O3H-3'0H-co  p>  (i>o»)tDOO(6DOJa)tr®ort|  rirooroi'&y 

H'(DhO?OD'CrH*OH-rr»-(rrO)wrt  C  rr  rrD»»--'OMOinO)^{>^‘<t^HH-D'OH'ff'd5arti 
o'OiOCo  fi»3H-a)fl)n)ON«oiH-e{H*h-no»dCroi3''fl'i3orr‘<3H*K-'t»H-h-'o>3oorrhJ3K‘-a)rr3 
SrQrrotxJ»QH-n>3  3  MCnO  3  n*0  p-'0'<0  30)  p*h-*<  C  p-rroK  3rtjD  mnO)  H'rrO)  3r£  o  O  rrOjBo  O 

oae-k  rt  H-O  r^aiH‘Mft*0  twrrSB'OO)  rTW»O<'d0)*D3  a3'>-'t->Q)tr3  o  O  3  POrro  (DtJ  3  S'P-o'O  3 
*OPH''Ofl3'Oa)»1H‘C^{OT*lH-rrprrpro3‘OOhP<QK-OppOH-rt'Cturr3rrS‘Wt^rr(DOW3MH- 
Mi-'H'troo  me  o  h-mpp  p-m  Orrcro3  M-e  i-jOftH-cns  <  3  rracrm  p-pw  p>miq  p*(p  ro  p 

pp-pp(D*OH*3topp(i>3wQra3*PPPPPPP3'P§rrprTH-MpprreH*OP'rrp-»-i»-'OWMCO 


a5P-P33l-'CfJ03n*0P-'0‘<03PP* 
H'O  CLH‘Mft*0  P  rrp'O  P  rTm*0  <*0 
3'0P»1H‘C^{m»iP-rrprrpro3‘OO 


1  I  1  I  I 

i  1  J  O  1 . 

o  t  (  I  i  I  I  I  I  <  I  I  I  I  I  I  (  <  I  I  I  t  (  I  i  I  I  n  I  >  1  i  o  I  I  I  I  I  t  I  I  I  I 

>0000000000000  t  0000000000000000000000000000 
>>>>>>00000000  I  000>000>00*-30000000  *  I  >>>>>V  |  I 

'  '  *  *  toooioioi  ioioo>ioooooooooooo 
oooQOooooooooooooooooooooooo  I  00000000000000 
o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  ooooo>  I  000  o  0000000000 

»-30>  I  >>>>>>>>>>>>>>>>>>>>>>>t^OO>>>>>>>>>>>i.<> 
•-300i0i'-3i  t0*^»^**30*^i*-300i  lOOOO)  i0000iH0i>i0000>0 

*-30001  1  t  I  I  l♦-3rO^  I  I  I  >  1  I  I  I  I  iO>>Ol'^i  tOOOOOi  1  1 

>0*-3O»Oi^3»-3»-3i  t  i^arOi  1  iH*-3*-3>i'3*^*-3*^0*-3*-30'^»-3H*-3i  •►9*-3*^i-3*^*-3 

000000  I  0000  O  00000000000  O  O  00*^00^000000  I  I  I  >  o  o 
00  I  OOOHOOOOOOHOOO*-3HOOOOOO*^*^OOHOOOOOHOOOOOOO 

00  I  oooooooooooooooooooooo*^oooooooooHO  I  t  0000 
000000000  o  ooooooo>>ooooo  o  o  o  o  o  o  o  o  o  000  o  >>>000 

>>>>>>00>0>>>>0>0>>>0>>>>0>>0>>00>>>>>>>>>> 
00000>0>00000>00>>>0>>0000>00>>>>>0>0>>0>>0 
>>>>>>>>>>>>>>>>>>>>5*>>>>>>>>>5'>>>>>>!?>>^^> 

ooooooooooooooooooooooooooooooooooooooooooo 

0H*^*^*^0*^H*^H*^*^*-3*3*^*^*^*^H*^*3H0*^i^v6*^i^HHHH*^H*-3*^*^*^H*^HHH 

*-3'-3»-3*-9*-3*^*^H*-3*^>3*-3*-3H!*^>^*^*-3*-3»-3*6*-3»-3*-9*-3*-3*-3*-3*^HO*^t^*^*-3*-3t^h9i-3HH*-3H 

ooooooooooooooooqooooo>oooooooooooooooooooc5 

O  O  O  O  *-3  O  O  O  O  O  OOOoO^OOOOO*^*-3*‘3^30  O  ^  O  OOO^^OO*^  O  O  O  *-3  *-3  *-3 

►3H^3i^^3HO*^*^*^*^i-3*-3'-3*^*3»^k3*^H*-3^3H*^*-3HH*^H*-3*^^3*^»3*^*-3H^3*^*^H^9H 
OOOOOOOOHOHOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

1  1  I  1  1  1  O  >  I  >  I  I  I  I  I  t  I  I  I  I  I  t  1  I  I  1  I  I  t  I  I  i  I  I  1  I  I  I  I  I  I  I  I 

>>>>>>  1  >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
oooooooo>o>oooooooooooooooooooooooooooooooo 

•-3*-3*-3'^H*^*^*-3*^*^H'-9*-9*-3*^*-3'-3*-3*-3Ht-3*-3t^*^*-3*-3*-3*-3*-3H*-3*-3i-9*^*-3*-3*-3*-3*-3*-3^3i-3*-3 

ooooooooooooooooooooooooooooooooooooooooooo 

>>>>>o>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

*-3HH'-3^3^30*^*-3»-3>*^*^0>-3H*-3*-3*-3*^*-3*-3*^*-3*-3*-3*-3*-3»-3H*-3*-3*^*-3*-3H*-3*-3*-3»-3*^*5*-3 

000000t^0t^0*300000000000000000000000000000000 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>o>>>>> 

*S*^*-3*-3*^t^Ht^'-3*-3HHHHHH^3*9H'^^3*^'^H*^'-3*-3HHH*^h3*^*^t‘3i3*^*-3»3HH*^H 

|;;3Ht^*^*^HHt^t-3HH*3*3*-3H*^*^*^*^*^*^*^*3H*-3*^*^*^H*-3*^*^*-3*^*^^3*^H*3*-3HHH 

00000000000  0000  o  00000  o  000000  O  O  O  O  O  O  O  O  O  O  O  O  O  O 

o  00000000  o  000000  o  0000  o  o  000000  o  o  o  ^  0000  o  o  o  o  o  o 

ooooooooooooooooOooooooooooOooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

►3t-3^3*-3>^*^*“3*6*-3*-3H*6*-9*-3*^H*-3t-3*-3^3*-3*-3'^»-3*^*3*-3'-3*-3'-3*-3*-3*-3*^*-3*€*-3*^H*^'-3'-3H 

f'?'?'?'?>‘?'^^?-r3t^r3>>>>>>>>>>>>>>>>>>>>>>>>>>>>>i*>i- 


>  >  >  >  > 

o  o  o  o  n 

►3  O  *-3  *-3  *^ 

H  H  O  H  *3 

O  *3  O  O  O 

>  H  >  O  O 

H  *3  *3  *3  *3 

o  o  o  n  n 

????? 

>  >  >  >  > 

o  o  n  o  o 

•3  O  *3  *3  > 

•3  n  *3  *3  H 

o  o  o  >  o 

>  >  >  f  I 

H  *3  *3  I  I 

O  O  O  t  I 

>  >  >  I  I 


o  o  0000  o  0000000  o  o  o  000000000000000  o  000  o  o  o  o  o  o  o 
•3*3*3'3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3'3*3*3*3*3*3*3*3*3*3*3'3*3*3*3*3»3*3 
ooooonooooooooooooooooooooooooooooooonooooo 
ooooooooo  O  o  o  o  o  O  o  o  000  O  O  O  O  OOOOOOOOOOOO  o  o  o  o  o  o  o 

•3^3*3*3»3*3*3*3*3*3*3*3*3HH*3'3*3*3*3*3^3*3'3»3*3*3*3H*3*3»3*3*3^3*3*3*3*3*3i3*3*3 

oooooooooooooooooooonooononoooooooooooooooo 

OOOOOOOOO  o  o  o  OOOOOOOOOOOO  o  00000000000  o  00^^^  G 
o  o  o  o  o  o  oooooooo  o  oooooooo  o  o  o  o  o  o  o  o  o  o  oooooooooo 

*3H*3*3t3t3Ht3*3*3*3*3t3*3*3'3*3t3*3t3t3H*3*3*3*3*3*3H*3*3H'3*3*3H'3*3*3*3H*3*3 
•3*3*3*3t3t3HHi3*3H*3*3*3*3*3t3*3*3t3*3t3*3*3H*3*3*3*3'3*3*3'3*3*3*3H'3*3*3*3*3»3 
*3*3*3*3*3*3*3Hi3*3*3*3*3'3*3'3*3*3Ht3t3'3*3'3H'3*30*3'3*3H'3*3^3*3H*3*3'3H*3>3 
noooonooooooonnooooooooonoooooooooooooonooo 
ooooooooooooooooonooooooooooooooooooooonooo 
o  ooooooOo  O  oooooOooOoOoO  o  000  o  0000  o  000  o  o  00000 

*3*3*3*3*3*3*3*3*3'3*3*3'3*3*3*3*3*3*3*3t3^*3*3*3'3*3*3*3'3*3*3*3*3*3*3^3'3H*3*3'3'3 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
OOOOOOOOO  o  OOOOOOOOOOOOO  o  000  o  o  000000  o  0000000 

OOOoOOooo  O  OOOOOOOOOOOO  )  oooO  o  OOoooOOOooooooo 

•3H*3t3*3*3*3*3*3'3*3*3*3*3'3*3'3'3*3HHt3^3*3*3'3'3*3*3*3H*3*3*3H*3*3H*3*3*3H*3 
O  O  O  O  O  O  O  O  O  O  OOOOOOOOOOOOOOOOO  O  OOOOOOOOOOOOO  o  o 

ooonooooooonooonooonooonnoonooooooonooooooo 
t  00000  I  j  I  I  100000000000000000000000000000000 
*3*3*3*3*3*3i3»3>3'3*3*3H*3*3'3i3Ht3Ht3*3*3*3H*3*3H*3*3H*3t3*3H»3*3*3H*3H*3*3 
OOOOOOOOO  o  0000000  o  000000  o  o  o  o  o  000000  o  o  o  o  o  o  o  o 

ooooooooooooooononnoooooooooooooooooonoooon 


200 


Appendix  2 


201 


Appendix  2  Full  alignment  of  18S  rDNA  sequences  for  Chapter  4,  shown 
in  NEXUS  format  for  PAUP*.  Positions  removed  for 
analyses: 

189-197,  253,  372,  472-474,  501-502,  509,  597,  762-767, 
813,  830-833,  839,  1039,  1362-1380,  1524,  1680-1737, 
1756-1805. 
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1 6.  Abstract  (Limit:  200  words) 

This  project  assessed  phylogenetic  relationships  within  the  Class  Anthozoa  (Cnidaria)  using  18S  rDNA  sequences  from  71 
taxa,  including  museum  specimens,  providing  the  most  thorough  taxonomic  sampling  to  date.  Morphological  taxonomists 
disagree  over  the  evolutionary  relationships  within  the  Anthozoa.  Sequence  information  and  relevant  evolutionary  models 
were  used  to  address  subclass-  and  ordinal-level  divisions  within  the  Anthozoa.  Nuclear  18S  sequence  information  did  not 
support  some  of  the  traditional  classifications  within  the  Anthozoa.  Members  of  the  Subclass  Ceriantipatharia  were 
genetically  disparate,  and  phylogenetic  divisions  within  the  Anthozoa  resembled  the  previous  two-subclass  system.  The 
orders  within  the  Hexacorallia  constituted  monophyletic  groups  with  the  exception  of  the  Corallimorpharia,  which  were 
closely  associated  with  the  Scleractinia.  The  morphological  characters  of  mesentery  and  tentacle  structure  were  reflected 
in  genetic  structure  of  the  Anthozoa.  The  morphological  characters  of  skeletal  structure  and  colony  morphology  were  not 
evident  in  the  phylogenetic  divisions  of  the  Octocorallia.  The  current  orders  and  suborders  were  not  monophyletic  entities. 
Colony  dimorphism  corresponded  loosely  with  genetic  divisions  within  the  Octocorallia.  Half  of  the  octocoral  species 
included  in  this  study  formed  a  large,  undifferentiated  group,  suggesting  that  a  rapid  radiation  occurred.  This  project 
provides  valuable  insight  into  the  evolution  and  diversity  of  these  important  organisms. 
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